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PHYTOPATHOLOGY 


VOLUME VII NUMBER 6 
DECEMBER 1917 


P A TWIG AND LEAF DISEASE OF KERRIA JAPONICA 
V. B. STEWART 
WitH SEVEN FIGURES IN THE TEXT 


A fungous disease caused by a species of Cylindrosporium is commonly 
found on Kerria japonica DC. The disease not only results in premature 
ee defoliation but it also affects the shoots, often injuring the bushes to such 

a an extent that they die during the winter. In one ornamental nursery 
; observed by the writer the growing of Kerria japonica stock has been dis- 
continued on account of this malady. 


SYMPTOMS 


The first sign of the disease on the leaves are small discolored areas 
which soon become reddish brown in color. These areas are irregular in 
outline and vary from one to four millimeters in diameter (fig. 1, A). 
Often several lesions become confluent, involving a considerable portion 
of the leaf. The center of the lesion is slightly raised and may appear as 
- a white velvety pustule. Severely affected leaves turn yellow, shrivel 
and fall prematurely. There is no shot-hole effect produced on the 
leaves as in case of certain Cylindrosporium diseases of other plants. 

The lesions on the shoots are circular, reddish brown to black in color 
and vary from one to several millimeters in diameter (fig. 1, B). Usually 
the lesion is slightly sunken with the central area somewhat raised and 
- covered with a white mass of conidia. In old lesions portions of the corti- 
cal tissue may fall out leaving the woody tissue exposed. Often times 
the diseased areas are so abundant as to completely girdle the shoot, this 
being especially true in case of small plants in the nursery. 


Se THE FUNGUS IN THE TWIGS 
The disease was first observed on K. japonica twigs in November after 
the bushes were defoliated.’ No spores were apparent in the lesions when 


' The affected twigs were examined by Prof. F. C. Stewart of the Geneva Agri- 
cultural Experiment Station, who stated that the cause of the disease was a species 
of Cylindrosporium. Professor Stewart also informed the writer that on several 
different occasions he had received specimens of the disease. 
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examined but after placing twigs in a moist chamber for three days there 
was such an abundant production of spores that the masses of them were 
apparent to the unaided eye (fig. 2). 

Cross-sections of the affected area on a shoot show a stromatic layer of 
mycelium which extends through the cortical tissue to the wood. The 
stroma may be several hundred microns in thickness. The cortical tissue 
is disorganized but apparently there is practically no breaking down of the 
individual cells, isolated host cells often being enclosed in the stroma. 
From the upper surface of the stromatie layer short conidiophores are 
developed which produce masses of conidia. With the accumulation of 
the conidia the epidermis is broken and the spores are exposed on the 
surface of the twig. The fruiting body is a typical acervulus and the 
spores are characteristic of the genus Cylindrosporium. 

Conidial production on the twigs ceases in the autumn and the fungus 
remains dormant until the following spring at whiclr time it again becomes 
active. 

On April 8, 1916, diseased twigs which had been exposed to the weather 
throughout the winter, showed in the center of the lesions a definite, 
slightly raised, circular area which was somewhat darker in color and sharply 
outlined. Cross-sections of the lesions showed the development of new 
hyphal threads and, with the occurrence of warm, rainy weather, conidio- 
phores were produced from the outer surface of the stroma. Conidia ap- 
peared about the time the new foliage developed on the bushes. Abun- 
dant spore production was observed also in old lesions on living Kerria 
japonica bushes which had been affected the previous season. 

The spore-bearing hyphal threads in the stroma stain more intensely 
and have the appearance of ascogenous hyphae but in all of the material 
examined there has been no development of a sexual fruiting body on the 
twigs. 

THE FUNGUS IN THE LEAF 


The growth of the fungus in the leaf is like that of other species of 
Cylindrosporium. The stroma first consists of a layer of one or two cells 
and increases in thickness as the acervulus grows older. The conidia, 
which are borne on short conidiophores break the epidermis and accumu- 
late as a white mass in the center of the lesion (fig. 2). Spore production 
continues throughout the summer. Acervuli may appear either on the 
upper or lower side of the leaf. The mycelium is intercellular and derives 
its nourishment by means of haustoria which penetrate the host cells. 
Apparently the disorganization of the tissue is mostly mechanical, since 
there is no evidence that the fungus produces an enzyme which breaks 
down the cell walls. 
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Fig. 1. Coccomyces KERRI ON KERRIA JAPONICA 


A, leaves from bushes artificially inoculated with ascospores of Coccomyces Ker- 
rie. Slightly enlarged; B, lesions of the disease on young shoots of Kerria japonica. 


2. Cross-Section OF LEAF SHOWING THE ACERVULUS WITH X 340 
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Fig. 3. Tor Earty DeveELOPMENT OF AN AscocaRP OF CoccoMYyCES 
The light-colored cells in the center are surrounded by the thick-walled pseudo- 


parenchymatous tissue. X 340. 


Fic. 4. Cross-SECTION OF AN ASCOCARP OF C. KERRLE 


The intensely stained ascogenous hyphae are in the central area. X 340. 
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DEVELOPMENT OF THE PERFECT STAGE 


In the autumn the stroma of the fungus increases until it involves almost 
the entire thickness of the leaf. In cross-sections the inner portion of the 
stroma appears as thin-walled, light-staining, mycelial tissue surrounded 
by a denser pseudoparenchymatous layer (fig. 3). In the central area 
several more deeply-staining, hyphal coils are apparent. The upper end 
of each coil, which consists of several uninucleate cells extends toward 


Fic. 5. A Mature Ascocarpe or C, 


This shows the asci and paraphyses. Another ascocarp is apparent on the oppo- 
site side of the leaf. X 340. 


the surface of the stroma. Late in the autumn the hyphal coils disappear 
but portions of the coils have been observed in material examined as late 
as January 25. 

Karly in the spring the stroma in diseased leaves, which have been 
exposed throughout the winter, enlarges outward due to the development 
of erect, simple or branched paraphyses and soon afterwards ascogenous 
hyphae arise from the lower area of the stroma (fig. 4). The paraphyses 
rupture the covering over the stroma in a stellate manner exposing the 
asci (fig. 5) which become mature about the time new foliage appears on 
the host. When suitable moisture conditions are present the long slender 
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ascospores are ejected with force from the asei (fig. 6, 4). No pore has 
been observed in the tip of the ascus. 

The development of the ascocarp is similar to that of Coccomyces hiemalis 
described by Higgins? who discusses in detail the presence of hyphal coils 
and trichogyne-like bodies. In case of C. hiemalis the end of each hyphal 
coil extends above the surface of the stroma and terminates in a swollen 
trichogyne-like structure. The writer has made diligent search for the 
trichogyne-like structures in the fungus on Kerria japonica. Hyphal 
coils have been traced to the surface of the stroma, but no swollen struc- 
tures have been seen which are comparable to the trichogynes of C. hiema- 


Kia. 6 Pra; 7 
Kia. 6. Ascus, PARAPHYSES AND ASCOSPORES OF KERRLE 


A, paraphyses and ascus with spores. & 525; B, germinating ascospores. X 600. 


Fic. 7. Contpra oF Coccomyces KERRLE 


One of the spores shows the development of a germ-tube. 600. 


lis. Numerous hyphal threads with swollen tips have been observed but 
it has not been possible to determine whether these were trichogynes or 
enlarged conidiophores. The organisms are similar in the fact that the 
production of filiform, curved, conidia (macroconidia) on the foliage 
ceases in late summer and in the same acervuli minute microconidia 
(spermatia) develop instead. The microconidia or spermatia of the fun- 
gus on Kerria measure about 2 by 0.5 uw being slightly smaller than those 
of C. hiemalis. Occasionally the spermatia are enclosed in definite pye- 
nidia-like spermagonia which are about 40 uindiameter. The spermagonia 


2 Higgins, B. B. Contribution to the life history and physiology of Cylindro- 
sporium on stone fruits. Amer. Jour. Bot. 1: 145-173. 1914. 
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with spermatia have been observed on leaves of Kerria japonica exposed 
throughout the winter and even when the ascocarps are mature in the 
spring. 

SYSTEMATIC POSITION 


The ascocarp of the fungus herein discussed is similar to the forms in- 
cluded in the genus Coecomyces of the Phacidiales, but so far as the writer 
is aware no fungus of this genus has been deseribed as affecting Kerria 
japonica. The name Coccomyces Kerria*® is therefore proposed for the 
species and the following characterization given: 


Coccomyces Kerrie n. sp. 


Ascogenous stage. Ascocarps embedded in tissue, usually on under 
side of leaf, scattered or somewhat aggregate, ovate, dark brown to black, 
100 to 220 u in diameter, at first closed but opening at maturity in a stel- 
late manner; hymenium grayish; asci clavate, slightly papillate at apex, 
55 to 74 by 11 to 13 yu; paraphyses simple or branched, septate, slightly 
swollen at tip; ascospores 8, hyalin, slender, slightly curved, continuous 
or once-septate, 33 to 48 by 2.8 to 4 u. 

Conidial stage. Spots numerous, reddish brown, 1 to 5 millimeters in 
diameter, often confluent; mycelium intercellular with haustoria which 
penetrate the host cells; acervuli scattered, amphigenous, subepidermal, 
finally breaking through and exposing the spores; conidia filiform, curved, 
hyalin, 1- to 2-septate, 40 to 76 by 3.2 to 4.8 u. Spermatia very minute, 
hyalin, non-septate, 2 by 0.5 uw in old acervuli, occasionally in small 
pyenidia-like spermagonia. 


Coccomyces Kerriz n. sp. 


Ascomatibus hypophyllis vel amphigents, sparsis aut subaggregatis, puncti- 
formibus, ovatis, negris, 100-220 wu lat., primum clausis, deinde in lacinias 
plures acutas dehiscentibus; disco griseo; ascis clavatis, apice leviter papil- 
lato, 55-74 x 11-13 yw; paraphysibus filiformibus, simplicibus aut ramosis, 
septatis, apice tumido; sporidis 8, lineartbus, leviter curvis, hyalinis, sim- 
plicubus aut 1-septatis, 33-48 x 2.8-4 

Hab. In dejectis foliis Kerrie japonice. 

Status conidicus: maculis numerosis, minutis, rubrofuscis, 1-5 mm. iai., 
sepe confluentibus; acervulis solitariis, amphigenis, subepidermicis, disci- 
formibus; conidiis filiformibus, flexuosis, hyalinis, 1-2 septatis, 40-76 x 
3.2-4.8 p; sporulis minoribus auctumno hyalinis, continuis, minutissimis, 2 
x OD 


3’ Type material is deposited in the herbarium of the Department of Plant Pathol- 
ogy, Cornell University and in the herbarium of the New York Botanical Gardens. 
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CULTURAL STUDIES 


The fungus is readily cultured on ordinary media such as potato agar, 
sterilized bean pods, or sterilized twigs of Kerria japonica. On June 2, 
1917, an abundance of ascospores was obtained by inverting petri dishes 
containing a thin layer of agar over ascocarps which had been moistened. 
The ascospores were ejected with force and lodged on the agar a half centi- 
meter or more above the ascocarps. Individual ascospores were trans- 
ferred from the petri dishes to tubes of potato agar where the ascospores 
germinated (fig. 6, B) after twenty-four hours and developed cultures of 
the fungus. 

The growth at first was slow and consisted of a thin grayish stroma of 
mycelium. On June 22 the stroma was about 4 or 5 millimeters in diam- 
eter, slightly raised and darker in the center. From the central area of the 
stroma conidia were produced similar to those found in lesions on the host 
plant. Portions of the mycelium were transferred on June 22 to test- 
tubes containing bean pods and twigs of Kerria japonica and a copious 
mycelial growth was obtained on both media. When the cultures were 
examined July 2 the older mycelium was turning black and pinkish gray 
masses of conidia were apparent. Only a small proportion of the conidia 
germinated when placed in water. However, five to ten per cent of the 
conidia showed germ-tubes after twenty-four hours (fig. 7) and the per- 
centage of germination was slightly increased after forty-eight hours. As 
is characteristic of certain other species of Cylindrosporium, the conidia 
appear to lose their vitality very rapidly, in all the tests made of conidia 
from different sources only a small percentage of germination being 
obtained. 


INOCULATION EXPERIMENTS 


On May 28, 1917, ascospores which had been ejected to plates of agar, 
were placed on leaves of two healthy bushes of Kerria japonica which 
were growing in the greenhouse. The plants were then moved out-of- 
doors where they were exposed to a rainfall that lasted for sixty hours. 
Three other plants which were not inoculated were also placed outside 
and served as checks. When examined June 12 several of the inoculated 
leaves showed infection. Five days later conidia of Cylindrosporium 
were apparent in the lesions. The check plants remained healthy. 

On May 29, 1917, isolated ascocarps of the fungus were crushed in 
water and the suspension of ascospores sprayed on the leaves of two bushes 
of Kerria japonica outside the greenhouse. Rainy weather prevailed for 
twenty-four hours after the inoculations were made. On June 12 numer- 
ous lesions of the disease were apparent on the inoculated leaves and an 
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occasional lesion was noticed also on the twigs. Two check plants which 
were not inoculated remained healthy. 

On July 2, 1917, conidia which had developed in a culture from a single 
ascospore, were used for inoculating one bush of Kerria japonica growing 
in the greenhouse. A suspension of the spores in water was sprayed onto 
the leaves by means of an atomizer. Another plant was sprayed with 
water for a check. Both plants were placed in a moist chamber for 
thirty-six hours. On July 13 the characteristic lesions of the disease 
were apparent on the inoculated leaves and on July 18 conidia of the fun- 
gus were Being produced. The check plant remained healthy. 

The above experiment was repeated on July 10 and on July 21 conidia 
were observed in the lesions which developed in the inoculated leaves. It 
is to be noted, however, that only a relatively small number of lesions 
appeared on any of the inoculated plants where conidia were used. In 
spite of the fact that an abundance of conidia was sprayed onto the plants 
only a small proportion of them germinated and produced infection. In 
most cases there was an average of only one or two lesions on each leaf. 
Of plants inoculated with ascospores many of the leaves showed numer- 
ous infections. Thesé results are in accord with the germination tests 
previously discussed. 

Secondary infection occurred throughout the summer on the inocu- 
lated plants and in the autumn many of the shoots were severely affected 
and the plants were completely defoliated. 


CONTROL 


No earefully conducted experiments have been performed for the con- 
trol of this disease, but preliminary tests made in 1916 indicate that a sul- 
fur fungicide will prove effective in checking the malady. Bushes of 
Kerria japonica were growing in a nursery and severe infection had oc- 
curred before they were treated in 1916. However, four treatments dur- 
ing the summer greatly reduced the amount of infection and premature 
defoliation as compared to untreated bushes. One plat was treated with 
a dust mixture of ninety parts finely ground sulfur and ten parts powdered 
arsenate of lead. Another plat was sprayed with lime-sulfur solution 1 
to 50 and the third plat was left untreated for check. 

The production of conidia in the old lesions on the shoots early in the 
spring along with the liberation of the ascospores from the old leaves 
makes it exceedingly difficult to prevent the primary infections. This is 
especially true when weather conditions are favorable for the fungus. 

CORNELL UNIVERSITY 


IrHaca, New YORK 
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THE CROWN CANKER DISEASE OF ROSE 


L. M. 


Witu THREE FIGURES IN THE TEXT 


On September 9, 1916, while visiting rose houses in the vicinity of 
Philadelphia the attention of the writer was called to a number of Ameri- 
can Beauty plants affected with a hitherto unreported disease, to which 
the name crown canker has been given. The grower stated that he had 
had the disease under observation during the past four or five years, a few 
plants being affected each year and the disease being confined to a single 
house. 

Subsequently plants affected with the crown canker disease have been 
received from eight growers, the states of Missouri, Pennsylvania, Indiana, 
Michigan, Massachusetts, and New York being represented. A Missouri 
grower observed the disease in 1916 on the varieties Hoosier Beauty and 
Ophelia growing on their own roots. A Massachusetts grower was of the 
opinion in 1916 that his entire stock of 60,000 or more plants was affected, 
and it is the opinion of the writer, after having examined his plants, that 
at least a very large percentage of them were diseased. During the four 
years prior to 1916 increasingly poor results were obtained by this grower . 
who when interviewed in November 1916 was planning to destroy most 
of his’plants, sterilize houses and soil, and begin anew with healthy plants. 

Rose plants of the varieties Hoosier Beauty, Ophelia, Hadley, Russell, 
Sunburst, American. Beauty, and many seedlings have been observed af- 
fected with the disease. Both grafted -plants and those growing on their 
own roots are affected. It is questionable whether or not any variety is 
immune. Indications are that this may prove to be the most important 
disease of roses grown under glass. To date no record of the disease on 
out-of-doors plants has been made. 


SYMPTOMS 


Diseased plants are affected at the crown, usually just at the surface 
of the soil, the lesion in advanced cases frequently extending several inches 
above the soil. The writer has not determined to what extent the root 
systems are commonly affected. However, lesions have been observed 
near the tips of roots of four-years-old plants, and of several plants exam- 
ined unquestionably the entire root system of each plant was affected. 
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The union of the scion and stock, and the area immediately above, is 
the most common point of attack. 

The first indication. of the disease is a slight discoloration of the bark. 
As the disease advances the color rapidly deepens to black and the tissue 
appears water-soaked (fig. 1, A, C). At first the lesions are irregular in 
outline with a somewhat sharply defined margin. Later as the affected 
area increases in size the blackened color of the diseased area is blended 
more with the healthy tissue. The lesions frequently encircle the stem. 
Soon cracks appear in the bark extending in to the wood (fig. 1, B). Later 
a swelling of the stem as from girdling occurs at and above the affected 
area, the cracks becoming deeper and more evident. In old lesions the 
black, water-soaked appearance is lost. Sometimes the stem is encircled 
by a shrunken area which contrasts sharply with the swollen area immedi- 
ately above. 

One very noticeable characteristic of this disease is the punky consist- 
ency of the diseased tissue, especially that affected under ground. When 
scraped, the bark, sapwood and frequently the roots appear punky and 
lifeless, not uncommonly in areas where no definite lesion is evident. 

Suckers developing from the roots of diseased plants are usually spind- 
ling and yellow. They are commonly affected at the point of attachment 
to the main stem, the tissue being blackened and of a punky texture. 

Affected plants do not die quickly but linger on and yield increasingly 
poor and few blossoms. It is practically impossible to force such plants 
to increased activity by the heavy application of fertilizers. The foliage 
of plants affected with this disease is frequently of a lighter green color 
than that of healthy plants. Probably the number of plants actually 
killed within the duration of time they are usually kept by growers is very 
small, but the normal activities of the plant are so materially interfered 
with that diseased plants can be grown only at a financial loss. 


ETIOLOGY 


The crown canker disease of rose is caused by the fungus Cylindrocladium 
scoparzum Morgan. This organism has been hitherto described only as a 
saprophyte and, so far as the writer is aware, never reported on the rose. 

In 1892 Morgan! reported on a fungus collected in Ohio growing on an 
old pod of Gleditschia triacanthos L. The fungus belonged to the group 
Didymospore in Saceardo’s? system (and: to the group Mucedinacez- 


1 Morgan, A. P. Two new genera of hyphomycetes. Bot. Gaz. 17: 190-192, figs. 
2. 1892. 


2 


Saceardo, P. A. Didymosporw. Jn Sylloge fungorum 4: 176-187. 1886. 
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Hyalodidyme in Lindau’s* system subsequently published), but  dif- 
fered from other members of the group in the possession of cylindric spores. 
Consequently Morgan erected the genus Cylindrocladium! on the basis of 
the cylindric character of the spores and used the specific name scoparium 
for the single representative of the genus, probably because of the broom- 
like nature of the fruiting-bodies. 

In July 1899, L. W. Nuttall sent specimens of a fungus on dead leaves 
of Asimina triloba from Nuttallburg, West Virginia to Ellis who in 19004 
named it Diplocladium cylindrosporum EK. & E. The specific name used 
ig would indicate that Ellis was impressed by the form of the spores. How- 
ever, the fungus was placed in the genus Diplocladium in spite of the 
fact that the other members of this group have oval to oblong spores. 
No reference was made to Morgan’s Cylindrocladium. 

An examination made by the writer of type material of Cylindrocladium 
scoparium and of Diplocladium cylindrosporum shows these two forms to be 
identical. The descriptions of the two forms vary but slightly in details 
and comparative studies show sufficient variations to include all differences. 
a The genus Diplocladium was established by Bonorden® in 1851 while 
the genus Cylindrocladium was not established by Morgan until 1892. 
x The species of Diplocladium described prior to 1892° possess more or less 
oval to oblong spores. There may be some question as to whether or not 
Morgan was justified in establishing a new genus on the basis of size and 
shape of spores. The morphological differences in these groups are not 
very great and the classification at present is very artificial at best. At 
least a definite morphological basis for separation was utilized so that the 


he writer feels that Morgan was justified in establishing the genus Cylindro- 
cladium on the basis of the single species scoparzum. 
x As stated by Morgan the spores of Cylindrocladium scoparium are 40 


to 50 uw long and taper from 4 u in diameter at the apex to 3 w at the base. 
Ellis and Everhart state the measurements of the spores of Dzplocladium 
cylindrosporum as being 40 to 50 yw long by 4 to 5 uw in diameter, but men- 
tion no tapering. An examination of type material of these two forms 
shows the spores to be from 36 to 55 uw by 3.3 to 4.51 w in diameter, the 
average being about 48.3 by 4.13 4. They appear to taper slightly but 


3 Lindau, G. Mucedinacew-Hyalodidymx. Jn Die natiirlichen Pflanzenfami- 
lien [Engler and Prantl] 1: 1**: 444-447. 1900. 

4 Ellis, J. B. and Everhart, B. M. New species of fungi from various localities 
with notes on some published species. Bul. Torr. Bot. Club. 27: 49-64. 1900. 
Diplocladium cylindrosporum E. and E., p. 58. 
c 5 Bonorden, H. F. Handbuch der allgemeinen mykologie, p. 98. 1851. 

6 —D. gregarium (Annal. Mycol. 1: 127. 1903) was deseribed by Bresadola in 1903 
as having spores measuring 16-27 x 3.5-4 u. 
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ig. 1. Crown CANKER LESIONS ON ROSE PLANTS 


A, stem of an Ophelia plant artificially inoculated with mycelium of fungus; B, 
Hoosier Beauty plant showing cracking at crown; C, American Beauty plant showing 
black water-soaked area at crown. A and B, natural size; C, three-fourths natural 
size. 
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it is difficult to detect a measurable difference between the diameter 
of the apex and of the base of the spores. Spores produced by the fungus 
‘ausing the crown canker disease of rose are identical in all respects with 
those of type material of Cylindrocladium scoparium and Diplocladium 
cylindrosporum. 

The fertile hyphae as stated by Morgan for Cylindrocladium scoparium 
measure 125 to 150 by 5 to 7 uw at the base, while those of Diplocladium 


Fic. 2. FertiteE HypHaE OF CYLINDROCLADIUM SCOPARIUM 


A, showing spores held together by sticky substance forming a cylindrical head, 
and fertile hypha with swollen tip; B, conidiophore much enlarged showing manner 
of branching; C, terminal branches of conidiophore. A, habit sketch. X 233. B 
and C, camera lucida drawings. X 700. 


cylindrosporum as measured by Ellis and Everhart are 50 to 110 by 5 
to 6 w. The writer in examining type material of the supposedly two 
different forms found exceptions to both measurements, the range being 
from 50 to 165 by 5 to 7 uw. Fertile hyphae developed on diseased rose 
plants placed in a moist chamber and others produced in culture had an 
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even greater range in length and diameter, so that it is probable that 
conditions of temperature and moisture under which they develop mate- 
rially influence their size. 

Fruiting bodies of the fungus frequently develop in from two to five 
days on diseased rose plants when kept in a moist chamber. They are 
usually borne in fascicles, those observed containing some twelve or more 
components. The fertile hyphae are erect, hyaline, septate and di- or tri- 
chotomously branched (fig. 2). The terminal branches exist in pairs or 
threes and are arranged in a level-topped cyme of branches. The spores 
are cut off from their conidiophores by constriction. They are held to- 
gether by a sticky substance, forming a more or less cylindrical head, but 


Fic. 3. MyceLIUM AND SPORES OF CYLINDROCLADIUM SCOPARIUM 


Some of the spores have germinated. Camera lucida drawings. X 700 


separate quickly when placed in water (fig. 2, A). Neither Morgan nor 
Ellis and Everhart mention this point, but an examination of type mate- 
rial shows this character to be present. 

Ellis and Everhart’ note that ‘‘with the fertile hyphae are a few much 
larger simple straight ones swollen at the tip.”’ This character can also 
be found in type material of Cylindrocladium scoparium and the fungus 
developing in culture from tissue plantings and on diseased rose plants 
kept in a moist chamber. These sterile hyphae (fig. 2, A) may arise 
from any part of the fertile hyphae but usually exist as the terminal part 


7 Bul. Torr. Bot. Club 27: 49-64. 1900. 
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of a main hypha from which the fertile hyphae arise as lateral branches. 
When the fungus is subjected to extremely moist conditions the swollen 
tips may resume growth by sending out slender hyphae. 

The spores (fig. 3) of Cylindrocladium scoparium are solitary, cylindric, 
l-septate, hyaline, obtuse at each end and appear to taper slightly from 
the apex to the base. They are 36 to 55 uw in length by 3.8 to 4.51 yw in 
diameter, the average being 48.3 by 4.13 u. Those produced in culture 
have about the same range. Spores from culture when placed in water 
on slides germinate after three to twelve hours. Germ tubes may develop 
from one or both cells (fig. 3). 


PATHOGENICITY 


On July 21, 1917, twenty-four rose plants, variety Ophelia, growing in 
the greenhouse were inoculated with cultures of Cylindrocladium scoparium 
growing on potato agar. The fungus had been previously isolated from a 
diseased American Beauty plant. The plants inoculated were about six 
months old having been grafted in January on Manetti root stocks. A 
bit of medium in which ‘the fungus was growing was smeared over the 
stem of the plants at the graft union, twelve of the plants being previously 
injured by cutting with a sharp scalpel while care was exercised in hand- 
ling the remaining twelve to see that they were uninjured. Six plants were 
similarly treated, except that the medium smeared over the plant con- 
tained none of the fungus, three of these plants being injured and three 
being uninjured. In some cases moist cotton was then wrapped about 
the inoculated areas while of other plants the infection courts were sur- 
rounded with moist soil. The plants were kept moist for the following 
four days to prevent the inocula from drying. 

When examined on July 25 all of the inoculated plants showed typical 
black, irregular, water-soaked areas at the point of inoculation. The 
check plants remained healthy. Ten days later there were cracks in the 
lesions on the inoculated plants which extended in to the wood. Plants 
in which the infected areas were kept moist with wet cotton showed more 
pronounced cracking of the bark than those kept moist with soil. In some 
cases the bark vas badly rotted and sloughed away. To date (November 
10) the plants have shown no general effect of the disease as compared 
with healthy plants as check. Tissue plantings were made from five of 
the inoculated plants and the same fungus obtained in culture. 

On August 10, 1917, ten Manetti plants such as are used for stock for 
grafts were inoculated with cultures of Cylindrocladium scoparium. The 
plants were obtained from Holland during the autumn of 1916 and were 
growing in the greenhouse in six inch pots. A bit of medium containing 
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the fungus was smeared over the uninjured surfaces of these plants at the 
surface of the soil and the inoculated areas were then surrounded with 
moist cotton. Four plants were similarly treated with the exception 
that they were not inoculated with the fungus. The cotton on the plants 
was kept moist for five days to prevent the inocula from drying. 

When the plants were examined on August 25 the outer bark had cracked 
and the tissue about the inoculated areas was somewhat brown and punky 
in texture. No definite lesions were evident. Cylindrocladium scoparium 
was obtained in culture by means of tissue plantings from inoculated 
areas. Judging from results of these inoculations it would seem that the 
Manetti plants were more resistant to the attacks of the fungus than 
Ophelia, plants. 

Infection of stems of eight-months-old Ophelia plants was readily ob- 
tained at distances of several feet above the soil. A bit of medium con- 
taining mycelium of Cylindrocladium scoparium was smeared over the 
surface of the stems, the inoculum being kept from drying by means of 
moist cotton wrapped about it. Black, irregular water-soaked lesions 
on the plants were evident after three to eight days. After the removal of 
the moist cotton the lesions slowly increased in size. No general effect 
such as wilting or yellowing of parts above the infected areas were evi- 


dent on September 18 from inoculations made on August 27, although 


some of the lesions had completely encircled the stem and were an inch 
or more in width. 

Viable spores when sprayed upon plants under favorable conditions also 
produce infection, as is shown by the following experiment. On August 
27, 1917, the stems of six eight-months-old Ophelia plants were sprayed 
both at the surface of, and eighteen inches above, the soil with water 
containing in suspension, viable spores from a culture of thefungus. Three 
plants for a check were similarly sprayed with water containing no spores. 
The plants were then placed in a large, moist propagating chamber for 
ninety-six hours. An examination of these plants eight days later showed 
infection to have resulted. Numerous small, brown areas surrounded by 
a narrow zone of black water-soaked tissue were apparent on all plants 
inoculated. The lesions measured from two to six millimeters in diameter. 
Fourteen days later the lesions had increased very little in size. The fun- 
gus was again obtained in culture from plantings from diseased tissue. 
The check plants remained healthy. 


CULTURAL CHARACTERS OF THE FUNGUS 


Pure cultures of Cylindrocladium scoparium are obtained readily from 
tissue plantings and from spore dilutions by ordinary methods. Good 
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vegetative growth and an abundance of spores are produced by the fun- 
gus when growing on nutrient agar and agars containing decoctions of 
rose, prunes, beans, oats and potatoes. The mycelium (fig. 3) is at first 
white and mostly aerial. After from three to five days it changes to a 
brownish color, becomes comparatively more resupinate and the medium 
is changed to a darker color. Medium to which no acid is added is changed 
to a brown color more quickly than an acid medium.’ The color imparted 
to the medium quickly deepens to a reddish brown in from seven to ten 
days, the ultimate color produced being a mahogany-red. The mycelium 
changes to a brown color more slowly than the surrounding medium, the 
aerial mycelium frequently remaining white for months. Usually the 
mycelium is loose and somewhat tufted. Colonies in petri dishes on an 
acid’ agar containing a decoction of potatoes measured four to five cen- 
timeters in diameter after five days, and six to eight millimeters after 
ten days. 

Three-weeks-old cultures of Cylindrocladium scoparium in petri dishes 
frequently develop a darker-colored ring consisting of heavy-walled hy- 
phae. Other cultures develop these darker areas more or less irregularly 
over the entire area of growth after two to three weeks. The cells of 
these hyphae thicken, assuming a globose form (fig. 3). Well-defined 
globular bodies which appear to be oil drops soon appear within the cells. 

Spores in culture are usually formed abundantly in from seven to four- 
teen days, their presence often giving the culture a white, granular ap- 
pearance. They are formed more quickly and abundantly when the fun- 
gus is growing on an acid medium.® Like those produced on diseased 
plants subjected to moist conditions, the spores in culture are held to- 
gether by a sticky substance which is quickly dissolved in water. The 
spore-masses produced in culture have more irregular outlines than those 
produced on the host where the tendency is for them to be grouped into 
a cylindrical head. 

Fertile hyphae developed in culture are variable in size, measuring from 
100 to 400 uw high by 4 to 9.2 uw in diameter at the base, the average being 
about 200 by 6.5 uw. The sterile swollen tips are very abundant in culture. 


MOISTURE RELATION 


Moisture apparently plays an important rdle in the severity of this 
disease. Lesions on stems well above the surface of the soil resulting 
from artificial inoculations appear to dry and make no further progress 
unless kept moist by being surrounded with wet cotton or somé such sub- 


8 Three drops of fifty per cent lactie acid were added to each fifteen cubic centi- 
meters of medium, the degree of acidity not being determined. 
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stance. Inoculations made at a point several inches above the soil fre- 
quently result as above. One grower who has had considerable experi- 
ence With ¢rown canker is of the opinion that the disease is lessened by 
placing plants with the graft union above the soil, thereby preventing 
infection at this point. The same grower stated that the seriousness of 
the disease is reduced by pulling the soil away from the crown of the plant, 
thus creating a more dry condition at this point. These are undesirable 
methods, for grafted plants usually develep roots at the graft union when 
planted sufficiently deep. It is the opinion of the writer that Cylindro- 
cladium scoparium is a fungus low in parasitism and that conditions of 
moisture are important factors in its development. 


CONTROL? 


Although experiments are under way in the hope of developing some 
method of controlling the crown canker of rose no results are yet'at hand.’ 
From the nature of the fungus it would seem that control will resolve itself: 
into some method of soil treatment. The fungus grows well on both aeid! 
and alkalin media so that the possibilities of control: by developmg: an 
acid or alkalin condition of the soil do not appear to be promisng: Soil 
sterilization and the exercise of care in using only healthy stock and scions 
for grafting may be the only feasible method of controlling this disease: 

CORNELL UNIVERSITY 

IrHaca, New YorK 


9 Investigations of control measures are being conducted in.cooperation with 
the American Rose Society and with Professors A. V. Osmun and P. J. Anderson of 
the Massachusetts Agricultural Experiment Station. 
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AN EPIPHYTOTIC OF CANE DISEASE IN PORTO RICO 


Joun A. STEVENSON 


Two Figures IN THE TEXT 


During the past two seasons a most alarming epiphytotic of cane has 
appeared in Porto Rico, and is still spreading at a rapid rate. This 
trouble first appeared in the western end of the Island, in the region be- 
tween Arecibo and Aguadilla, and in the summer of 1916 was practically 
confined to that area. Since that time not only have its ravages continued 
in the original territory, but its boundaries have been extended so as to 
include an area extending from near Bayamon to Afiasco, or approximately 
a quarter of the Island. 

It has not been possible as yet to ascertain how long the disease had 
been present before the first report was received but certainly a year, so 
that as near as is now known it has been active about three years. 

The trouble is as yet confined to the upper reaches of the river valleys, 
to small enclosed inland valleys, and particularly to fields among the foot- 
hills. The broad stretches of the coastal plain, but little above sea level, 
are still free of disease, although they are planted to the susceptible 
varieties of cane, and form great continuous areas. The greatest damage 
has occurred in the rolling stretch of country between Arecibo and Agua- 
dilla, a region which suffers much from drouth. Cane culture has been 
abandoned on hundreds of acres. 

All observations show an apparent tendency of the disease to occur in 
upland fields. In its eastward progress it has apparently jumped from 
valley to valley, some distance back from the ocean, or has appeared 
sporadically rather than working along through the continuous coastal 
fields. 


LOSSES INCURRED 


The disease appears to follow a regular course, a given field showing the 
first year a varying number of infected stools, often only a few, seattered 
irregularly. There is no apparent loss in this crop. The second year 
(first ratoon) the greater portion of the field is affected and there may be 
a loss of from ten to fifty per cent in yield. The third year the growth of 
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the cane is so poor, and such stalks as are produced are so small, and pithy, 
that the crop is a total loss. 

The loss occasioned is very difficult to estimate since the many fields 
will show a variation of from one to a hundred per cent of infection and 
each infected stool, depending upon its age gives a greater or less amount 
of merchantable cane. 

In addition to the decreased yields, there is the loss of all cane which 
shows evidences of disease, even though it contains a considerable amount 
of sugar, since the Centrals all refuse to receive cane of this nature, for 
reasons to be explained later. The figures for 1917 are not yet at hand 
for comparison, so that it is impossible to give a statement of the monetary 
loss, but that it already runs into the hundreds of thousands of dollars is 
agreed. As a sirigle instance, one Central, in spite of three thousand addi- 
tional acres planted over last year, and the purchase of some thousands of 
tons of cane from outside districts, dropped behind their previous year’s 
production over half a million pounds of sugar. A considerable number 
of small planters have been completely forced out of cane growing in two 
years’ time. 

NAME OF THE DISEASE 


Various names have been used for this disease. It is universally known 
among the planters as La Enfermedad, the disease, and the writer has 
called it at various times the new disease, the mottling disease, and cane- 
canker, and at the present moment at least, prefers the use of cane-mot- 
tling or the mottling disease. Chlorosis is already in use for a very dis- 
tinct non-parasitic disease occurring to a limited extent on the south coast 
of the Island, and hence cannot be used, as has been suggested for this 
other quite distinct malady. 


SYMPTOMS 


The one marked and constant symptom of this disease, and the one by 
which it is easily recognized by any one who has occasion to visit diseased 
fields, is the peculiar mottling of the leaves. In contrast to the uniform 
yellowing or whitening of the leaves characteristic of chlorosis, there oc- 
cur innumerable white or at times yellowish spots and stripes with irregu- 
lar, indefinite margins (fig. 1). In mild cases the background may be 
practically normal green, but more often and especially after the first 
year the leaves are yellow-green to yellow interspersed with the white 
markings. It is not apparent that mottled leaves die any sooner or are 
more subject to parasitic leaf fungi than normal leaves. 

For some time there are no further symptoms than the mottling, it 
being impossible to distinguish, except for this one point, diseased from 
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normal stools. Mottled leaves do not die and fall any sooner than normal 
ones nor do they cling abnormally to the stalk. The stalks are not stunted 
or visibly changed internally. It is quite possible to find stalks which 
show from one or two to ten or twelve lower leaves apparently normal, 
with all those above mottled. The mottling is apparent as soon as the 
leaves unfold. The reverse condition of normal leaves above, has not 
been observed. It is not certain yet whether a leaf which unfolds nor- 
mally may become mottled later. A varying number of stalks in a stool 
may show mottling, often only one, more often three or four out of a 
dozen. 

The statements in the previous paragraph represent conditions the first 
year of infection. The ratoon shoots from all infected stools and from a 
varying proportion of those that were apparently normal, show mottling 
from the instant the new shoots are observable. This crop rarely reaches 
normal conditions of height and stand, more often only thirty to fifty per 
cent. At this stage, in addition to the mottling, another marked charac- 
teristic appears—a cankering of the stalks. These lesions appear first, 
as far as observations show, before the leaf sheaths fall, but after they have 
become somewhat loosened. At first they are linear spots, somewhat sunken, 
and brown in color. They soon become ashen or dull gray, and often 
coalesce to form continuous patches practically covering the internodes 
(fig. 2). They never, however, pass from one internode to another. 
They are superficial only, never penetrating for more than 1 to 2 mm., 
except along such cracks as occur. Even here the reddening that is found 
is seldom more than that usually found in such locations in normal cane. 

The cracking or splitting is not considered a symptom, being merely a 
result of the drying of the cane. Splitting normally occurs in many 
varieties, although of course it is more marked with this disease. There 
is no internal red rot or other form of rot accompanying the cankers, but 
there is a shrinking of the internodes and a general condition of pithiness 
and lack of juice. All cankered canes show mottling of the leaves, but 
the reverse is not true. 

It may be noted at this point that not only is there a lack of juice in 
‘ankered canes but what does occur is of an objectionable nature. A 
very high glucose ratio is reported (non-erystallizing sugars) and the 
juice behaves badly during clarification and other processes to which it 
is subjected. A comprehensive series of chemical tests is about to be 
made at this Station, to be reported upon later. 
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CAUSE 


(Continued efforts have been made to ascertain the cause of the mottling 
disease but it still remains obscure. During the first year, as will be noted 
in the first report on the disease,! the opinion was held that the condition 
was merely the result of too extensive planting, without seed selection 
or proper cultivation practices acting in combination with very unfavor- 
able weather conditions—a drouth followed by an excessive wet period, 
resulting in what is commonly referred to in the literature of cane dis- 
‘ases as an epiphytotic of root disease. It has become only too apparent, 
however, since then that there is more involved than merely a situation 
arising from bad weather and bad agriculture. 


Fig. 1. Heauruy Morrtep CANE LEAVES 


The usual course of procedure to find a parasitic cause has been fol- 
lowed; various fungi have been investigated, cultured, and used for in- 
oculation; and all without result. The juice of mottled stalks has not 
proved infectious. However, it has been found that “seed pieces” taken 
from stalks showing mottling, invariably produce mottled shoots no mat- 
ter how carefully they may have been disinfected. The “seed pieces” 
used appeared to be normal both externally and internally. The leaves 

‘Stevenson, John A. Cane disease. Rept. Board of Comm. of Agr. Porto 
Rico 6: 58-71. 1917. 
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were removed to make sure and in some cases the pieces were planted in 
sterilized soil. Such further tests as have been made with soil of diseased 
fields and so forth, have been inconclusive. 

The broad question of degeneration of varieties comes up at this point, 
and is considered the cause by many. If the white cane only were in- 
volved, a type which has been grown here for many years, it might be an 


Fig. 2. HEALTHY AND DISEASED STALKS OF CANE 


easy way out of a very difficult situation to lay the entire blame on this 
general term but other, and some of them comparatively new varieties, 
are attacked as well. However, it is not impossible that degeneration is 
involved to some extent. 


VARIETIES AFFECTED 


Most of the cane of the affected district has been of two varieties: the 
striped or rayada and the white (blanca) or Otaheite, probably the same as 
the old Bourbon cane. The white cane was first affected and is at present 


a Bly 
ies 


1917] STEVENSON: A CANE DISEASE 423 


most subject to the disease, the cankers being especially characteristic of 
this variety. Its elimination, as has already occurred in other parts of 
the Island, seems certain. In many places the rayada, during the present 
year, has been as badly affected as the white, although there is still the 
possibility that strains from outside districts may remain immune. 

Other varieties grown on a smaller scale and brought in for trial have 
been uniformly affected, bamboo, penang, B-3412, B-208, yellow caledonia, 
Cavengerie and others. A dark red variety, locally known as sarangola 
has been fairly resistant but unfortunately is not a good milling cane, nor 
is it probable that it would have any great degree of resistance if planted 
on a large scale. New seedling varieties are to be tried as rapidly and 
extensively as possible. 


COMPARISON WITH OTHER CANE DISEASES 


In order to distinguish the mottling disease from the other common and 
at times serious cane diseases which might be confused with it, or which 
are to some extent connected with it, some account of these will not be 
out of place here. 

The more the disease is studied the more it appears to resemble the 
mysterious sereh of Java. It is unlikely that it is that exact disease, but 
it is not improbable that it is of the same general nature, produced by the 
same or similar environmental factors. Many of the symptoms are the 
same, although none, it must be admitted, are those that are considered 
essential. Some of the important points of similarity are: the course of 
the disease over three years, the stunting of stools and shortening of inter- 
nodes (in advanced cases), the fact that the disease is carried over from old 
plants to new ones by cuttings, and a poor development of the root sys- 
tem. On the other hand, this new disease in addition to the leaf mottling 
and stalk cankers not ascribed to sereh, does not show gumming, internal 
red lines, more disease at the base of the stalk, or the abnormal stooling 
giving the grassy appearance from which the sereh takes its name. 

Rind disease caused by Melanconium Sacchari Mass. as a factor was 
quickly eliminated, no more of this fungus being present, than can be found 
in normal cane. In the very heart of the affected territory a large field 
of rayada cane was found which had been allowed to become over-mature 
and was rapidly going to pieces under this fungus, but there was abso- 
lutely not a sign of mottling. 

Other stalk diseases were as easily removed from consideration by the 
absence of their respective symptoms or the fruiting bodies of the causa- 
tive fungi. There was little, if any, internal red rot (Colletotrichum falca- 
tum), brown rot (Diplodia cacaoicola), dry rot, (Nectria sp. and other 
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forms) or of Cytospora Sacchari, serious at times as a cause of disease. 
These as well as other fungi, (Trichoderma lignorum, Fusarium sp., Valsa 
sp., Leptosphaeria Sacchari, and others) were common at times, but only 
as saprophytes as was demonstrated by inoculation tests. 

It is not so easy to ascertain the relation of what is commonly known 
as root disease, and certain phases of the problem are yet unsolved. It is 
the common assumption of most writers on cane disease that certain 
fungi, notably Marasmius Sacchari, when favored by weather and cultural 
conditions, act parasitically on the roots of the cane, producing stunting 
and final death of the stools. It is, however, not at all clear which of the 
various fungi found in such locations are truly parasitic, if any, and which 
only saprophytic, and, above all, whether the weather and cultural con- 
ditions above mentioned are not in reality primary, making it possible to 
relegate the fungi to a secondary status. 

In the affected territory under consideration, a region habitually subject 
to drouths, and where good agriculture is the exception and not the 
rule, the presence of root disease, especially on the long-time ratoons at- 
tempted, becomes almost universal, so much so that for a long time in 
agreement with all agriculturists and others who investigated the situation, 
the writer considered the trouble root disease. However, more extensive 
studies have necessitated a decided change of opinion. Fields have been 
seen on land never before in cane, which showed mottling but no root 
disease and on the other hand fields have been encountered in the last 
stages of root disease but without a sign of mottling. It now appears be- 
yond any reasonable doubt that there are two diseases to be considered. 
One a disease characterized by a mottling of the leaves and later by a 
sankering of the stalks, and the other the old so-called root disease marked 
by rotten roots permeated by a white mycelium, and by a binding together 
of the lower leaf sheaths in characteristic fashion. Both may be present 
together with particularly disastrous results for the cane, or either may be 
present alone, with a similar result as far as the cane is concerned. 


CONTROL 


Practically every conceivable measure which has ever been recommended 
for the control of cane disease and especially those usually given as ef- 
ficacious for root disease have been tried, and without any other result 
than the continued progress of the disease. Liming, increased cultiva- 
tion, treatment with bordeaux mixture, seed of established varieties 
brought from outside regions, seed of new varieties, and the use of land 
not before planted to cane, have been tried. 

It is apparent that very drastic measures will be necessary to check the 
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epiphytotic. The foremost requirement apparently will be the introduc- 
tion of a rotation system, (a heretofore unknown practice in Porto Rican 
‘ane culture), and one which will include a legume. In the meantime 
continued efforts are being made with new seedling varieties, particularly 
those produced at this Station, and it is hoped that some will ultimately 
be found which, under proper care, will succeed. 

In many instances the growers are turning to other crops or pursuits— 
tobacco, cotton, cattle, and to some extent minor food crops. There is 
no reason why it would not be possible to combine one or more of these 
in.a rotation with cane so as tq maintain the latter industry. Whatever 
the outcome it will at least result in an absolute revolution in the cane 
agriculture of the Island. 


SUMMARY 


A new and alarming cane disease has appeared in the western end of 
Porto Rico and is spreading rapidly. The toss which varies greatly from 
field to field, being complete in the third year of the disease, has already 
reached a total of hundreds of thousands of dollars. 

The disease is known as the mottling disease of cane. 

It is characterized by a peculiar white mottling of the leaves and in 
advanced stages by gray cankers of the rind of the stalks and by a shrink- 
ing and drying of the stalks proper. 

The cause is obscure, although possibly due in part to weather condi- 
tions and poor agricultural practices. Of the many fungi found in and 
about cane fields none are considered to have any direct connection. 

All varieties are affected, especially the native white or Otaheite and the 
rayada. 

The mottling disease has some characteristics in common with sereh, 
but there are also many points on which the two diseases differ. Rind 
disease and other diseases of the stalk have no causative connection with 
mottling. Root disease is also distinct, but may occur in connection with 
it. 

No definite control is known. 

INSULAR EXPERIMENT STATION 

DEPARTMENT OF AGRICULTURE AND LABOR 
Rio Prepras, Porro Rico 
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THE EFFECT OF ROENTGEN AND ULTRAVIOLET RAYS UPON 
FUNGI 


AND J. W. Bows on 


Witu Two FIGURES IN THE TEXT 


The museum of the University of Washington, Seattle, which served 
as a forestry building (fig. 1) during the Alaska-Yukon-Pacific Exposition 
in 1909, was built of logs of green Douglas fir (Pseudotsuga taxifolia) and 
Western hemlock (T'suga heterophylla). Five years after the building 
was erected, it was observed that many of the logs showed signs of decay 
resulting from a serious attack of a wood-destroying fungus, Fomes pini- 
cola (Fr.) Cke. Each succeeding year an increasing number of sporo- 
phores appeared over the logs varying from the white rounded buttons 
(fig. 2, A) just protruding from the bark to well developed shelving forms. 
Where deep notches were cut into the logs, the characteristic red rot in 
the heartwood with the broad, white, felted masses of mycelium was 
readily detected. Occasionally also the sporophores of Polyporus schwe7- 
nitzii Fr. (fig. 2, B) appeared on these logs, but by far the greater damage 
was done by Fomes pinicola. It was with the latter that the following 
experiments were made. 

Upon recommendation of the forestry department, means were devised 
to combat the ravages of these fungi, including the installation of a heat- 
ing system to facilitate the drying of the timbers and impregnation of the 
wood with fungicides, notably copper sulfate and mercurie chlorid. Al- 
though the experiments with copper sulfate were the most successful, the 
impregnation was observed to proceed only in a longitudinal direction 
and for short distances. This was doubtless due to the high water con- 
tent of the cells and to the size of the logs which are five to six feet in 
diameter and varying from forty-two to fifty-six feet in length. 

On account of.the partial success of the trials with copper sulfate fur- 
ther experimental work with it was contemplated. It was the intention 
to apply a considerable quantity of a solution of thfs compound to the 
top of each of the vertical log columns and allow it to percolate downward. 
In order to do this it would have involved raising the roof of the building, 
putting a tight fitting collar naround the top of each log and filling this 
space with the fungicide. Although this was the most promising mode 
of controlling the disease, the cost of such an experiment precluded it. 
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Fig. 1. Forestry UNIVERSITY- OF WASHINGTON 


The immense logs are attacked by Fomes pinicola and Polyporus schweinitzii. 


Fic. 2. SPOROPHORES OF FOMES PINICOLA AND POLYPORUS ScHW?!)ti?t! 


A, Fomes pinicola, showing a white rounded button and « fairly well develo pea 


bracket; B, Polyporus schweinitzii. 
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It was in the hope that a feasible remedy might be found that the follow- 
ing experiments were undertaken. 

From the large mass of data! relative to the action of X-rays on living 
organisms, it seemed reasonable to suppose that the spread of the fungus 
might be checked by this agency. From the work of numerous investi- 
gators it has been shown that X-rays together with rays from radioactive 
sources exert a profound influence upon organisms, in some cases, modify- 
ing and, in others, totally inhibiting life processes. Thus, in summarizing 
the work in this field, Gager? states that Roentgen and radioactive rays 
produce similar physiological effects and that sensitiveness to these rays 
varies with the species in the case of plants as well as animals. He fur- 
ther states that the sensitiveness varies with age, the older tissues being 
less sensitive. Bardeen’s experiments’ with the ova of toads and frogs 
show that exposure to X-rays results in abnormalities in the embryos. 

It should be stated, however, that there are cases on record! in which 
exposure to X-rays has failed to produce a noticeable effect on the life 
processes of organisms, particularly in the case of bacteria, Weinzirl,? in 
an investigation along this line, found that cultures of Baczilus colt and 
of Bacillus tuberculosis were not affected in any way by exposures varying 
from five to thirty minutes. The cultures employed by him were one 
day and thirty days old respectively. 


' Richards, A. Recent studies on the biological effects of radio-activity Sei- 
ence n. s. 42: 287. 1915. The effects of X-rays on the action of certain enzymes. 
Amer. Jour. Physiol. 36: 224. 1914. Experiments on X-radiation as the cause of 
permeability changes. Amer. Jour. Physiol. 36: 400. 1915. The effect of X-rays on 
the rate of cell division in the early cleavage of Planorbis. Biol. Bull. 27: 67. 1914. 

Bardeen, C. R. Abnormal development of toad ova fertilized by spermatozoa 
exposed to Roentgen rays. Jour. Exp. Zool. 4:1. 1907. Variations in suscepti- 
bility of amphibian ova to the X-rays at different stages of development. Anat. 
Record 3: 163. 1909. Further studies on the variation in susceptibility of amphib- 
ian ova to X-rays at different stages of development. Amer. Jour, Anat. 11: 419. 
1911. 

Packard, Charles. The effect of radium radiations on the fertilization of Nereis. 
Jour. Exp. Zo6l. 16: 85. 1914. 

2 Gager, Chatles Stuart. Effects of the rays of radium on plants. Mem. New 
York Bot. Garden 4: 1-278. 1908. 

c. 

‘Russ, Viktor K. Einiges iiber den Hinfluss der Réntgenstrahlen auf Mikro- 
organismen. Archiv f. Hygiene 56: 341-360. 1906. 

Allen, Charles W. Radiotherapy and Phototherapy. p. 363. 1904. 

5 Weinzirl, John. Private communication to the authors, based on unpublished 
data. 
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EXPERIMENTAL 


Samples of the infected wood and of the sporophore of the fungus (Fomes 
pinicola) were collected from a number of logs and subjected to varying 
exposures of X-rays. These samples were kept in sterilized bottles before 
and after exposures. The media used for cultures were potato- and 
prune-agar, using twenty grams of agar to the litre. The latter medium 
proved the more favorable for the growth of the fungus. The samples for 
cultural study were in each case taken as far as possible from the center 
of the specimen, which was removed from the container, cut with a steril- 
ized knife or broken, and asmall portion taken from a location that seemed 
least affected by the rays. The mode of recognizing the mycelium of 
Fomes pinicola in culture tubes was more or less imperfect. Known pure 
cultures of the fungus were grown on the same media as those of the experi- 
ments. These were used for comparison as to the gross and microscopic 
appearance of the mycelium. As a species of Penicillium was the only 
other form appearing in these cultures, it did not prove a difficult task to 
distinguish them. Apparently the X-rays had no inhibiting effect on the 
growth of the Penicillium. For comparison three tube cultures were made 
of each sample before exposure and the same number after. The growth 
of the cultures was observed and compared at intervals of four to ten 
days over a period of several months. 

Experiment 1. Four samples of wood from infected logs were exposed 
to the rays from an ordinary Roentgen tube for over an hour at a distance 
of about eight inches from the bulb and directly opposite the anticathode, 
at a potential which was not known accurately, but which corresponded 
to a spark gap of about four to six inches, the humidity of the air being 
high. The cultures from three of the exposed samples showed healthy 
growth at the end of a week and exhibited no exceptional features by 
comparison with the control cultures. The fourth culture as well as one 
of the controls failed to grow. 

It seemed advisable to carry out further experiments so that the samples 
could be subjected to repeated and more intense exposures, such for ex- 
ample, as those furnished by the Coolidge tube. Through the kindness 
of Dr. J. H. Snively of Seattle, the authors were permitted to make use 
of one of these tubes in performing the experiments which are described in 
the following paragraphs. The exposures were made under conditions 
substantially like those employed so widely at present by practitioners of 
radiotherapy. The main advantage of the Coolidge tube over those of 
the older type for work of this sort is that reproducible conditions can be 
realized by controlling the voltage and amperage of the thermionic current. 

Experiment 2 (with a Coolidge tube). Two samples of infected wood 
and ten samples of the sporophore of the fungus were exposed for inter- 
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vals of six to twenty-five minutes on December 31, January 5, and Janu- 
ary 20, thus effecting a total exposure of from seventeen to sixty-five 
minutes. The samples were kept in sterilized bottles after each exposure, 
the cultures being made within a day after the final one. The exposures 
on the first two dates were made with an eight and a half inch spark, and 
eight milliamperes, the one on January 20 being made with a six-inch 
spark and eleven milliamperes. Those samples which were longest exposed 
to the rays from the Coolidge tube were subjected to about fifty times the 
so-called “erythema dose,”’ (a dose employed in X-ray therapy sufficient 
to produce a distinct reddening of the skin). The results of the above 
tests showed that in none of the cases was the normal character or rate 
of growth interfered with by exposure to X-rays even though the treat- 
ment was repeated and the rays were of great intensity. 

Experiment 3. On April 9 tube cultures taken from the samples ex- 
posed on January 20, referred to in experiment 2, were treated for eight 
minutes with rays from a Coolidge tube using a current of ten milliamperes 
and a spark gap of eight and one-half inches. On the following day trans- 
fers were made from these treated cultures using the superficial mycelium 
and also gouging out some of the agar containing hyphae. Cultures from 
this superficial mycelium failed to grow, but in every case where samples 
were taken by gouging out large pieces of agar, normal growth was 
produced. 

Experiment 4. The rays (ultraviolet) from a quartz mercury vapor 
lamp, operating at 110 volts and 57 ohms were directed against thin 
sections of the sporophore for one hundred minutes. The sections varied 
in thickness from one to ten millimeters. Cultures made from the thinnest 
layers failed to produce the mycelium of Fomes pinicola, but this was prob- 
ably due to a drying process rather than the result of the X-rays. Cultures 
taken from the interior of samples eight to ten millimeters in diameter 
produced a normal growth. 

As the object of this investigation was to discover a remedy that would 
apply to a particular case and as the necessary equipment to undertake a 
more extended study involving other fungi was not available, the authors 
have discontinued further work along this line, at least for the present. 


CONCLUSIONS 


It is obvious that from these limited data one is not justified in drawing 
any general conclusions. It would seem, however, that the method em- 
ployed in the preceding experiments is not suitable for the control of such 
wood-destroying fungi as Fomes pinicola. In general, cultures taken 
from the external portions of exposed samples usually failed to grow. This 
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also frequently occurred with the controls under similar conditions. 
These results were probably due to partial desiccation, and in so far as 
the X-rays helped to furnish this condition, it was effective, but samples 
of mycelium taken a centimeter or more from the surface of treated speci- 
mens usually grew. 

As the results obtained in these experiments were contrary to expecta- 
tion, a test was made of the efficiency of the Coolidge tube that was used. 
The right hind quarter of a guinea-pig was exposed to double the “ery- 
thema dose.”” No noticeable effect was seen the first two months. At 
the end of three months, however, the hair had all sloughed off over this 
area and nowhere else. This and other experiments with guinea-pigs 
showed conclusively that the Coolidge tube that was used was highly 
satisfactory. 

Although the results of these experiments are largely negative they are 
thought to be of sufficient interest to warrant their publication. 

University oF WASHINGTON 

SEATTLE, WASHINGTON 
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SCLEROTINIA TRIFOLIORUM, THE CAUSE OF STEM ROT OF 
CLOVERS AND ALFALFA 


A. H. GILBERT AND C. W. BENNETT 
Five Ficures IN THE TEXT 


The first recorded occurrence of stem rot of clover, according to Eriks- 
son (1), was in Germany in 1857; and the first case in which this disease, 
under the name of clover sickness, was attributed to Sclerotinia Tri- 
fotiorum Erik.! as the cause, was, according to the same authority, re- 
ported by Hermann Hoffman in 1863. 

In England, investigations of clover sickness by Lawes and Gilbert 
date back to 1849 and were continued through nearly thirty years, but 
it was not until about 1898, according to Giissow (2), that a fungus was 
recognized as at least one of the chief causes of the trouble. In 1872 
‘mil Rehm (3) published a paper containing a full description of the 
disease, the life history of the causal organism and suggestions as to 
treatment. Rehm’s paper refers to the organism as Peziza ciborioides 
Fries. This name was discarded as untenable by Eriksson (1) who sub- 
stituted the name Sclerotinia Trifoltiorum Erik. as more suitable. Dr. 
C. L. Shear of the Department of Agriculture, Washington, D. C. kindly 
investigated for the writers the matter of the nomenclature and reports 
that the name Peziza ciborioides Fries as used by Rehm, and also Selero- 
tinia ciborioides as used by H. Hoffman in Icon. Anal. Fun. 1863, were 
both erroneous in referring to this fungus on clover, the use of these names 
being due to a misidentification of Fries’ species which we have no reason 
to believe was the same as the fungus under consideration. 

Rehm’s paper reports the disease as very serious in certain sections of 
Germany. Attention is called to its economic importance in that it 
threatened the complete destruction of the clovers upon which great de- 
pendence is placed by the farmers for forage and soil restoration. The 
disease is termed by Rehm clover rot (Kleefaule), and is reported by him 
upon red clover (Trifolium pratense L. and T. pratense var. sativum), 
crimson clover (7. incarnatum L.), white clover (T. repens L.) and bas- 
tard clover (T. hybridum L.). Rehm reported it as not occurring upon 
alfalfa or upon any other related leguminous hosts. 

' The fungus now known as Sclerotinia Trifoliorum Erik. was first erroneously 
referred to Peziza ciborioides Fries. ' 
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Eriksson (1) reports the occurrence and spread of the disease in Sweden 
in 1878-79, and also that it was first observed in the province of Hesse 
in Germany in 1857 where it attained an epiphytotic character. In 
1870 it had spread to Denmark. In the same year Kiihn (4) also writes 
of the disease under the name Peziza ciborioides Fries. That the disease 
is still prevalent in some parts of Europe is learned through correspondence 
from F. K. Ravn of Copenhagen who wrote in 1915 that it was of con- 
siderable significance in Denmark. Ravn gives, in addition to the clovers, 
as a host plant, alfalfa, upon which the disease was prevalent. Neither 
Rehm nor the other European writers mentioned the occurrence of the 
stem rot on alfalfa, in fact, Rehm specifically states that alfalfa was not a 
host. With respect to this, some change has perhaps taken place in the 
parasitic relations due to changed cultural conditions, by which the 
disease has become more virulent on alfalfa. At the earlier period it may 
have occurred slightly but not enough to be noted. 

The disease in question has been known by various names. In Europe 
it has been designated as clover rot (Kleefaule), clover cancer (Klee- 
krebs), in England, clover sickness, and in America, clover rot, wilt, root 
rot, and stem rot, of clovers and alfalfa. In the work connected with this 
paper the name stem rot has been uniformly employed. 

The occurrence of stem rot in America seems to have been first recorded 
in 1890 by Chester of Delaware (5). He reports its occurrence upon 
crimson clover and cites the earlier work of Rehm and others in Europe. 
The recent reports from various states, as well as the observations made 
by the writers in Kentucky, suggest that the disease is becoming more 
prevalent in this country. As reported previously (6), stem rot of clovers 
and alfalfa has been recognized in the following states: New York, New 
Jersey, Virginia, Indiana and Oregon. No doubt it occurs also in other 
states from which no reports have been received by the writers. So far 
as we have been able to ascertain, the first report in this country of the 
occurrence of Sclerotinia Trifoliorum as the cause of stem rot of alfalfa 
was made by the senior writer as a joint author in 1915 (6). The earlier 
references to stem rot or root rot disease caused by this fungus have been 
upon clovers and especially upon crimson clover. In 1908, Stewart, French 
and Wilson (9) reported a wilt of alfalfa which they claimed to be caused 
by Sclerotinia libertiana Fckl. It was, according to the writers, first 
thought to be S. Trifoliorum Erik., but was identified by R. E. Smith as 
S. libertiana Fckl. From the manner of attack described, the present 
writers are inclined to think that the trouble was not the stem rot under 
consideration. In the case of the New York disease the points of attack 
were said to be a foot or more from the root. In all our observations of the 
stem rot disease the point of attack has been almost without exception 
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on the stems near the surface of the ground. Again, the New York 
bulletin states that on certain alfalfa plants near the surface of the ground 
the fungus produced ‘‘a luxuriant cottony growth.’”’ We have never 
observed S. T'rifoliorum to develop a vegetative growth on the stems which 
would be called luxuriant. Rather, the early activity of the mycelium 
is within the stems and when the fungus appears on the surface it is to 
form the sclerotia and the growth is compact, white and velvety. The 
writers of the New York bulletin speak also of a crown rot of red clover 
observed at Phelps, New York, in 1901. From this brief reference the 
present writers would strongly suspect the red clover trouble there to 
have been caused by Sclerotinia Trifoliorum Erik. 


THE DISEASE 


The first observed effects of the disease is a wilting of some or all of the 
leafy portions of the plant. This result may be seen in the fall and early 
spring. In Kentucky the fungus is active during the winter months of 
February and March, when it may be found rotting young plants or 
affecting the tender shoots of older plants. A careful investigation of the 
wilted plant will generally disclose at the base of the stems and near the 
surface of the soil a fungous growth consisting of a compact mass of white 
hyphae. Early stages of the disease show a discoloration of the stem 
just beneath the crown and extending downward (fig. 1, A). The cush- 
iony masses of white hyphae appearing on the surface of the stems later 
develop into black sclerotia. These are variable both in shape and size. 
Some are nearly spherical and as small as a radish seed, while others are 
irregularly flattened or elongated or spherical and as large as a small 
pea. The majority of them are of the latter shape and size. They occur 
commonly on the surfaces of the stems just above the surface of the soil, 
but are also formed in the centers of stems and sometimes on branches at 
some distance from the ground. The last condition is much less com- 
mon. With the maturing of the sclerotia the affected stems are completely 
decayed, the upper parts of the plant soon fall down and the decay in- 
volves also the roots (fig. 1, B). The final result in late spring and summer 
then is that a cluster of black sclerotia are found in the soil where a plant 
has been. The disease spreads from centers of infection and the plants 
are killed in areas of various sizes throughout the field. Alfalfa or clover 
sown in the fall or spring are attacked the following winter and spring, 
and in numerous cases observed, from 25 to 50 per cent or more of the 
stand has been destroyed. Alfalfa may be attacked also during the 
subsequent years but the damage is not so serious as during the first year. 
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HOST PLANTS 


In Kentucky the stem rot has been observed upon alfalfa, crimson 
clover, red clover, white clover, and on one occasion, upon a common 
weed, Euphorbia maculata L. Crimson clover is by far the most susceptible 
of the hosts in Kentucky, alfalfa stands next and the remaining hosts 
are slightly less susceptible. The host plants as reported by Rehm have 


Fig. 1. Stem Rot or ALFALFA 


A, An early stage of the disease appears in the discolored portion of the stem 
just below the crown; B, the roots of these plants have been destroyed by the fungus 
and sclerotia have formed at the points of decay. 


already been noted and these agree with reports from other European 
writers, with the exception that alfalfa is reported as a host in Denmark 
by Ravn. Giissow reports red clover as a host in Canada. 


LIFE HISTORY OF CAUSAL ORGANISM 


The sclerotia which are formed in the spring lie in the ground during 
the summer, germinating in September and the later fall months to form 
apothecia (fig. 2). The apothecia are disk shaped, at first concave on 
their upper surfaces, later becoming flat, and still later convex, when the 
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margins crack at several points. They are from 3 to 8 mm. in diameter 
and are borne on stalks from 4 to 25 mm. in length. Apothecia have been 
found in the field from October to December in Kentucky. After that time 
very few, if any, may be found. After the first warm, moist days in 
February, growing hyphae may be found on the surface of the soil in the 
field and soon after infection of the host plants may be observed.  Selero- 
tia are again formed in from two to several weeks and the life cycle is 
completed. 


Fig. 2. ScLEROTIA AND APOTHECIA OF SCLEROTINIA TRIFOLIORUM 


OBSERVATIONS ON THE GENERAL MORPHOLOGY OF THE ORGANISM 


Chester (5) suggests that the mycelium of Sclerotinia Trifoliorum also 
produces conidia following the analogy of other members of the genus, but 
numerous observations made by the writers both in the field and in pure 
cultures of the fungus have failed to disclose any conidial stage. Minute 
spore-like bodies or gonidia are formed on the surfaces of ripe apothecia 
in the field under certain conditions, and also in pure cultures of the 
organism in test-tubes. A histological study of the apothecia from 
the field showing this gonidial development resulted in the following 
observations: 

The ascospores from many of the asci had been discharged leaving the 
asci empty. Ascospores remaining in their asci and also spores lying 
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upon the upper surface of the apothecium had germinated forming a 
tufted growth made up of short, club-shaped gonidiophores, and from 
these numerous small, globose spores had been produced. Entirely 
similar branches and spore-like bodies have been found on the vegetative 
mycelium growing in pure culture in a test-tube (fig. 3). These gonidia 
have in no instance been observed to germinate. It is not clear under 


Fie. 3 Fic 4 
Kia. 3. GonrprIAL FORMATION OF SCLEROTINIA TRIFOLIORUM 


“A, Gonidia on surface of an apothecium; B and C, gonidial formation in hanging- 
drop culture of ascospores. Drawings by A. H. Gilbert. 


Fic. 4. Asct AND PARAPHYSES FROM APOTHECIUM OF SCLEROTINIA TRIFOLIORUM 


The group includes young uninucleate asci, and mature 8-spored asci in three 
conditions as tc ascospores, viz., one, two and four nucleate. X 400. Drawing by 
A. H. Gilbert. 


just what conditions in the field ascospores germinate to form the basid- 
ium-like stalks and gonidia, rather than to form vegetative hyphae. 
It may be that those ascospores which are forcibly discharged from the 
apothecium regularly form vegetative hyphae in the soil, while asco- 
spores remaining in the apothecia germinate instead to form the above 
described structures. 

Several apothecia have been sectioned, having been first killed in Flem- 
ming’s fluid, and have been stained with safranin, gentian and orange G. 
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The structure of the hymenium is similar to other Peziza-like forms, being 
made up of closely set, eight-spored asci, intermingled with slender para- 
physes which normally project slightly beyond the tips of the asci. Among 
the mature asci and projecting only about half way to their tips are numer- 
ous young asci containing one nucleus. In a number of fixations and 
cuttings no traces of the three divisions which result in the final eight 
nuclei and eight spores were found. This is no doubt due to the fact that 
the fixations were not sufficiently rapid or were not made at suitable 
times. It is noted, however, that nuclear division has occurred in the 
mature ascospores and that in a group of adjoining asci may be found 


Fic. 5. CuLrures OF SCLEROTINIA TRIFOLIORUM SHOWING FORMATION OF SCLEROTIA 
IN ConcentTRIC RINGS 


those with one, two and four nuclei. This division of the single nucleus 
of the mature ascospore is said to be of common occurrence in the ascomy- 
cetes (13) (fig. 4). 


PARASITISM AND SAPROPHYTISM 


Our observations show that the fungus may persist in a field for several 
years, at least, although less damage is done to the crop after the first 
year. Recent observations in two fields of alfalfa that are three years 
old show the disease to be still present, numerous plants being killed dur- 
ing this spring, 1917, and many spots throughout the field, now occupied 
by weeds, show where the plants have been destroyed in previous years. 
In numerous instances the young, tender shoots of old plants are affected 
and killed, and it appears that this beginning may lead to the death of the 
entire plant, though apparently it takes a longer time to accomplish this 
than in the case of the young plants. 
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It is claimed by De Bary (7) that Sclerotinia ciborioides, which we assume 
to be the same as S. Trifoliorum, may go through the whole course of its 
life as a saprophyte. The writers have seen no indications of this in 
their observations but recognize that it is of course possible. Such an 
existence would easily explain the sudden appearance of the disease in a 
field where for years no clover or alfalfa had been grown and where there 
seems to be no clear source of infection. Several instances of this sort 
have been noted. 


ARTIFICIAL INFECTION 


Artificial infection was accomplished in the greenhouse in several ways. 
Small portions of mycelium were placed in contact with a stem or leaf 
of young alfalfa and in a few days the leaves began to wilt due to the 
invasion of the fungus. This method, however, was not successful with- 
out covering the plant first with a bell-glass. Bits of agar containing 
mycelium were placed on the surface of the soil in pots containing young 
clover plants and a diseased condition of the plants induced in a short 
time. The spread of the fungus on the seedlings in the greenhouse s 
easily checked by cutting down the water supply. 


ASCOSPORE DISCHARGE 


Rehm claims to have shown experimentally that ascospores bring about 
infection. He hung ripe apothecia over young plants and mycelium was 
produced within the leaves in six to eight days. This point has not been 
investigated by the writers but some observations on ascospore discharge 
have been made. ; 

To determine whether or not the ascospores are forcibly discharged 
from the asci, mature apothecia were taken from the field and with their 
sclerotia transferred to moist chambers. Each dish was prepared by 
placing an agar film on the inner surface of the cover. The apothecia 
with their sclerotia imbedded in soil were placed on wooden blocks at 
varying distances from the agar film. The ascospores discharged from 
the apothecia so placed were caught upon the agar film and their presence 
indicated by the development in a few days of a hyphal growth. It was 
found that spores reached the agar surface and took effect at distances of 
from 10 to 20 mm. and that the diameters of the areas inoculated by these 
discharges was 7 to 10mm. _ At distances of 25 and 30 mm. no inoculation 

yas secured. 
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THE FUNGUS IN PURE CULTURE 


The organism has been grown upon the following agar media: synthetic,” 
cornmeal, oatmeal, potato (hard), alfalfa infusion; and on potato plugs. 
An abundant development of sclerotia was secured on the synthetic me- 
dium and also upon the alfalfa infusion agar. On potato plugs a dense, 
tufted mycelium and large sclerotia were produced. On potato (hard) 
and oatmeal agars the vegetative growth was very thin. When the re- 
action or the food supply of the medium is not favorable very small 
sclerotia are formed around the edge of the agar surface and on the sides 
of the tubes or plates. 

In tubes and petri dishes the sclerotia are regularly developed in circles 
around the centers of inoculation (fig. 5). The length of time required 
for their development varies somewhat with the temperature. At ordi- 
nary room temperature a circle of mature sclerotia is developed in about 
ten days after inoculation. At 5°C. they are formed in from fifteen to 
seventeen days. 

DISTRIBUTION 


The question as to the source or cause of the rather widespread infection 
in Kentucky in 1914 and subsequently has been a problem in the minds of 
the writers and is still unexplained, at least if we do not accept the theory 
that the fungus remains saprophytically in the soil. No doubt cli- 
matic and crop conditions have had an important bearing on widespread 
virulence. 

The local distribution of the fungus it seems may be explained easily. 
The spores which are formed in the apothecia in the autumn may be 
carried from one field to another on cultivating tools or on vehicles pass- 
ing from field to field, or, the sclerotia which form in considerable abund- 
ance in the spring may be taken from the field in cuttings of the crop and 
then distributed in manure or waste materials to other fields. The sclero- 
tia are apparently not able to germinate until after a period of rest, for 
there are otherwise favorable conditions for germination, viz., temperature 
soil and moisture conditions, for some weeks in the spring after the sclero- 
tia are formed and no germination has been observed to occur at that 
time. It should perhaps be noted in this connection that practically 
all the activity of this fungus is during the cool weather of late fall, 
early winter and early spring. 


CONTROL 


The German and English investigators of this disease have suggested 
no feasible means of control except the rotation of crops in which none 


2 The formula is that given by Duggar, B. M. Fungous Diseases of Plants, p. 26. 
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of the host plants is grown for a number of years. Special measures 
partially effective have been proposed by some. Ritzema Bos, a Dutch 
writer (8) recommends digging out the plants from infested parts of 
clover fields and burning them. Rehm recommends abandoning the 
fields to rotation of crops and also suggests deep plowing to bury the 
sclerotia too deep for germination. The writers believe that there is 
considerable efficacy in the latter suggestion, in fact some good results 
have already been observed from this treatment. 

Deep plowing together with liming is then suggested as a control meas- 
ure with the alternative of rotation of crops, leaving out clover and alfalfa 
for a period of from three to five years. The efficacy of the latter method 
depends upon whether or not the fungus lives saprophytically in the soil 
in the absence of the leguminous host plants, and this point has not yet 
been settled. Precautionary measures against the transportation of 
sclerotia and spores on cultivating tools or in other ways should, no doubt, 
be carefully practiced. 

In the spring of 1916 some data were collected in Logan County, Ken- 
tucky as to the preceding crops in cases of more or less seriously affected 
fields of crimson clover and alfalfa, and as to the effect of different rota- 
tions upon the amount of stem rot occurring. It was observed that the 
absence of a leguminous crop, such as clover or alfalfa, immediately pre- 
ceding the host crop did not preclude the occurrence of a serious attack 
but that in the majority of cases the trouble was more serious where red 
clover, crimson clover or alfalfa had been grown for one or more years 
preceding the crop affected. 


SUMMARY 


Stem Rot of clover was reported from Germany as early as 1857, and 
the causal organism determined as Sclerotinia Trifoliorum in 1863. A 
paper by Emil Rehm in 1872 gives a full description of the fungus and 
the disease induced by it, including some data as to its control. The 
disease has also been studied in England and reported from Sweden, 
Denmark and Canada. In the United States it is reported from New 
York, New Jersey, Virginia, Indiana and Oregon, and probably occurs in 
other states. 

The host plants reported by Rehm are red clover, crimson clover, 
white clover, and bastard clover. Ravn of Denmark reports it upon 
alfalfa in 1915. 

The first published report of this stem rot upon alfalfa in the United 
States was by Gilbert and Myer in 1915. The disease had previously 
been reported upon red clover and crimson clover by Chester in 1890 
and by other writers. 
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The disease causes a wilting of the leaves and stems and a rotting of 
the stems and root systems, accompanied by the formation of black 
sclerotia. The sclerotia are formed in Kentucky in February, March and 
April and germinate in the autumn to form apothecia. Ascospores are 
discharged in the autumn and early winter and germinate to form hyphae 
which attack the host plants in early spring. 

Laboratory experiments show that the ascospores are forcibly dis- 
charged from the apothecia. Agar surfaces were infected at a distance of 
20 mm. from the apothecia. No results were secured at distances of 25 
mm. and 30 mm. 

Greenhouse experiments resulted in producing the disease by inoculat- 
ing young clover and alfalfa plants-with a pure culture of the fungus. 
In pure culture the organism .has been grown on various media. The 
most abundant vegetative growth occurred on potato plugs and the great- 
est development of sclerotia on a synthetic agar. Sclerotia form in tubes 
and plates in about ten days and occur rather characteristically in con- 
centric rings. 

University OF KENTUCKY 

LEXINGTON, KENTUCKY 


LITERATURE CITED 


Eriksson, J. Om kl6fverrétan med sirskilt afseende pa dess upptridande 
ivart fdidernesland aren 1878-1879. Kongl. Svensk Landtbr. Akad. 
Handl. och. Tidsskr. Nr. 1. 1880 [Abstract in Bot. Centbl. 1: 296. 
1880. ] 

(2) Gissow, H. T. Clover sickness and its cause. Journ. Roy. Agr. Soc. Eng. 
64: 376. 1903. 

(3) Reum, Emin. Die Entwicklungsgeschichte eines die Kleearten zerstérenden 
Pilzes (Peziza ciborioides). Journ. Landw. 20: 151-178. 1872. 

(4) Kitun, Junius. Uber die Sclerotienkrankheit des Klee’s. Hedwigia. 9: 
50-51. 1870. 

(5) Cuester, F. D. Rot of searlet clover caused by Sclerotinia trifoliorum Erik. 
Delaware Agr. Exp. Sta. Rept. 3:85. 1890. 

(6) GitBerT, A. H. AND Myer, D.S. Stem rot of clovers and alfalfa as a cause of 
clover sickness. Kentucky Agr. Exp. Sta. Cir. 8: 46-60. 1915. 

(7) Dr Bary, A. Comparative Morphology and Biology of the Fungi, Mycetozoa 
and Bacteria, p. 239. Oxford, 1887. 

(8) Rirzema Bos, J. De Klaverkanke eine Zizh. Meer an Meer Uitbreidende 
Klaverzukte. Wageningen. 1892. 

(9) Srewart, F. C., Frencu, G. T. ANd Winson, J. K. Troubles of alfalfa in New 
York. New York (Geneva) Agr. Exp. Sta. Bul. 305. 1908. 

(10) Lawes AND GILBERT. Report on growth of red clover by different manures. 
Royal Agr. Soe. 21: 178. 1860. (Rothamsted, Memoirs, vol. I, no. 13.) 

(11) Frank, A. B. Die Krankheiten*der Pflanzen, p. 539. Breslau. 1880. 

(12) Soraugr, P. Handbuch der Pflanzenkrankheiten 2: 297. Berlin. 1908. 

(13) Overton, J. B. The morphology of the ascoecarp and spore-formation in the 

many-spored asci of Theeotheus Pelletier I. Bot. Gaz. 42: 482. 1906. 


(I 


‘ 
ag 
| 
j 
| 


THE CONDUCTION OF POTASSIUM CYANIDE IN PLANTS 
Joun A. ELLIOTT 
WitH Two FIGURES IN THE TEXT 


During 1914 and 1915, several papers appeared on the effect on trees of 
treatment with potassium cyanide for the control of sap-sucking and wood- 
boring insects. At that time the writer conducted some experiments to 
determine the distribution of and injury due to potassium cyanide (KCN) 
when introduced into plants. The results of this work were again called 
to mind by the paper of Rankin.' It is thought that the results of the 
writer are of interest in comparison with those of Dr. Rankin. 

Sanford? reported that he had, in February, 1914, bored a hole in the 
bole of a peach tree infested with the cottony-cushion-scale, and by filling 
the hole with potassium cyanide had completely eradicated the scale. 
Later® he cut down the tree and found that it had been uninjured by the 
treatment. He was supported by Shattuck* who reported that he had 
many times used potassium cyanide very successfully for killing wood- 
borers in elm and black locust trees, and without injury to the trees. 

On the other hand, Surface*® reported serious injury done to orchards 
throughout Pennsylvania by ‘‘tree doctors’? who were using potassium 
cyanide, ferrous: sulfate, potassium chloride and perhaps other salts for 
“curing” fruit trees of insect troubles and other diseases. He reported 
dark staining of the cambium of the trees treated, especially upward from 
the hole made for inserting the above-mentioned salts. Many trees 
had been killed while others were less injured. In experiments reported 
more recently, Moore and Ruggles® and Flint’ obtained results supporting 

1 Rankin, W. H. The penetration of foreign substances introduced into trees. 
Phytopath. 7: 5-13. 1917. 

2 Sanford, Fernando. An experiment on killing tree scale by poisoning the sap 
of the tree. Science, n.s. 40: 519. 1914. 

* Sanford, Fernando. In regard to the poisoning of trees by potassic cyanide. 
Science, n.s. 41: 213. 1915. 

4 Shattuck, C. H. Effect of cyanide of potassium on trees. Science, n.s. 41: 324. 
1915. 

° Surface, H. A. Cyanide of potassium in trees. Science, n.s. 40: 852. 1914. 

6 Moore, William and Ruggles, A. G. The action of potassium cyanide when 
introduced into the tissues of a plant. Science, n.s. 41: 33-36. 1915. 


7 Flint, W. P. The effect of cyanide on the locust-borer and the locust-tree. 
Science, n.s. 41: 726. 1915. 
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Surface insofar as injury to the trees is concerned. The appearance of 
the injury reported is also in accord with that found by the writer. 

While it is not within the scope of this paper to discuss the nature or 
cause of the injury, it may be stated here that the injury as found is in 
accord with what might be expected from the conclusions reached by 
Loew,’ who did fundamental work on the effect of potassium cyanide and 
aneae on plants and low animals, finding that di-cyanogen is actively 
toxic to both active and dormant protoplasm while potassium cyanide, in 
dilute solutions, is toxic only to active protoplasm. 

Woods? and Townsénd'® experimented with the effect of hydrocyanic 
acid gas on plants. Townsend reported the effects of the gas on germina- 
tion of seeds treated under different moisture conditions. Woods found 
that some plants were more resistant to the gas than others and that the 
injury to growing woody plants was localized mostly in the young xylem 
cells next to the cambium. 

The results of experiments by the writer disagreed in important points 
from those given by some of the experimenters cited above. The experi- 
ments were planned with the following points in view: (1) The path of 
conduction of potassium’ cyanide through the plant. (2) The extent of 
injury, local and general. 


THE PATH OF CONDUCTION OF POTASSIUM CYANIDE IN PLANTS 


For the purpose of ascertaining the path of conduction of potassium 
cyanide in plants, both herbaceous and woody plants were used, the cya- 
nide employed being either in crystal form or in solution. 

Tests for potassium cyanide in the tissues of the plants were made = 
the ferric chloride-ferrous sulphate solution as given by Molisch in Micro- 
chemie der Pflanzen. The presence of the cyanide is shown by the forma- 
tion in the tissues containing it, of Prussian blue. The iron solutions 
often failed altogether to give a reaction for potassium cyanide, in the 
tissues of plants, forty-eight hours after the plants had been treated, ex- 
cept at the place of treatment. No positive tests could be made after 
three or four days. When using herbaceous plants the best tests were 
secured within fifteen minutes to twenty-four hours after treating; with 
tree branches the best tests could be made within from one to twenty- 
four hours. 


8 Loew and Tuskamoto. On the poisonous action of di-cyanogen. College of 
Agriculture, Tokio, Bulletin 2: 34-41. 1895. 

® Woods, A. F. The variable effect of hydrocyanic acid gas on plants and ani- 
mals. Am. Nat. 32: 104. 1899. 

10 Townsend, C. O. The effect of hydrocyanic acid gas on the germination of 
seeds. Bot. Gaz. 31: 241-264. 1901. 
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In treating tree branches the crystal potassium cyanide was weighed 
and inserted into the desired ring of growth by means of glass tubes. A 
hole just large enough to admit the tube was bored into the branch to the 
desired depth; then the potassium cyanide, which had been plugged into 
the glass tube with cork, was pushed out of the tube into the hole by 
means of a plunger and kept in the desired place by means of the cork 
which had held it in the tube, and by wax over the cork. In this way the 
potassium cyanide could be put into the portion of the wood desired and 
be kept from coming into contact with any other part. Other branches 
were treated by raising the bark and putting 5 grams of potassium cyanide 
under it without cutting the bark at the upper end of the raised portion. 
The wound was then covered with wax. 

Contrary to the observations of some of the writers cited above, it was 
found in testing for cyanide in the tissues by means of the iron solutions, 
that in all cases the blue staining was in the walls of the vessels and to a 
slight extent in the cells surrounding the vessels, as would be expected 
from the solubility of potassium cyanide and our knowledge of the path 
of ascent of sap. Under conditions affecting the rate of transpiration, 
there was greatest diffusion into the cells surrounding the vessels when 
transpiration was slowest. When transpiration was rapid the potassium 
cyanide was more quickly exhausted and tests for its presence resulted 
negatively. When the potassium cyanide was put under the bark of a 
branch without injury to the wood, the subsequent test for cyanide showed 
that the path of conduction was limited to the vessels in the new growth 
next to the cambium. Diffusion from the vessels into the surrounding 
cells was slight. Sections from a shoot of the current year’s growth in 
line of the ascending potassium cyanide gave a reaction for cyanide in the 
vessels and often in the medullary rays and parenchyma of the bark. 


INJURY DUE TO POTASSIUM CYANIDE 


. 


The primary injury to plants due to the treatment exactly corresponded 
to the distribution of the potassium cyanide. The injury, both to woody 
and herbaceous plants, was ascertained by the same means as has just 
been described for locating the path of conduction. The plants treated 
were sunflowers (Helianthus annuus), giant rag-weeds (Ambrosia trifida) 
young box elders (Acer negundo) in their second year’s growth, two potted 
rose plants (Rosa sp.), two large apple trees (Pyrus malus), and a willow 
tree (Salix alba). 

In the smaller plants the injury due to the potassium cyanide was very 
marked. On a hot, dry day the wilting of the leaves of both the herba- 
ceous plants and the small woody plants was quite noticeable within ten 
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minutes and the fumes due to the potassium cyanide were readily de- 
tected coming from the leaves. On the sunflower plants dark streaks 
were soon apparent ascending the stems from the place of inserting the 
potassium cyanide. Darkened areas also occurred along the veins of the 
leaves reached by the affected bundles, the area of injury spreading from 
the veins bearing the cyanide to the mesophyll adjacent to them. Of the 
three veins entering the leaf of a sunflower or a rag-weed, any one, any 


Fic. 1. LEAF or AMBROSIA TRIFIDA INJURED BY PorasstuMmM CYANIDE 


two, or all three might bear potassium cyanide, this depending on the 
bundles in contact with the potassium cyanide in the stem. Usually 
more than half of the leaves above the place where the potassium evanide 
was inserted were not affected and at times only a first leaf directly above 
the wound was injured. In twenty-four hours or less the whole stem of 
the herbaceous plant above the wound, or a large part of it, darkened and 
collapsed. The darkening also extended a short distance downward on 
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the wounded side of the stem. The leaves or parts of leaves reached hy 
the veins carrying the potassium cyanide soon dried out (fig. 1), while the 
leaves or parts of leaves not immediately injured remained green and tur- 
gid for days or even weeks, although the stem of the plant might be ap- 
parently dried out. Plants treated on cool damp days showed little in- 
jury for several hours but within twenty-four hours the stems of these 
plants had usually darkened and collapsed. The injury to the leaves of 
these plants was less extensive than to those treated on hot dry days. 


rig. 2. Brancu or AppepLE TREE INJURED BY PoTAsstUM CYANIDE 


The branch was treated with potassium cyanide and the sections made at the 
places indicated, one week later. 


In the smaller woody plants, rose and box elder, the injury was first 
noticeable in the mesophyll along the veins of the leaves. Within twenty- 
four hours the bark began to turn yellow and the whole plant gradually 
dried out above the wound. 

Branches of apple or willow trees treated with 5 grams of potassium 
cvanide under the bark, or treated in the wood of the current year’s growth 
(June), within from twenty-four hours to forty-eight hours showed yellow- 
ing of the twigs above the wound on the side of the branch in which the 
potassium cyanide had been placed (fig. 2). In a week or a little more a 
narrow strip of bark extending from three to seven feet above the wound 
to from one to six inches below would darken and collapse. Removing 
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the bark revealed dead darkened cambium on an area slightly more ex- 
tensive than showed externally by the sunken bark. When the potassium 
§ cyanide was put into the wood of the current year’s growth and deeper, 
o more of the wood was involved in the injury, but the injury never ex- 
tended to the rings of growth which were not in contact with the cyanide. 
Where the potassium cyanide was successfully plugged out of the current 
year’s growth there was no external appearance of injury to the branches, 
although the wood cells were killed wherever the cyanide reached them 
in sufficient concentration. The cambium and other active living tissues 
were readily killed by the cyanide and such injury necessarily had a seri- 
ous effect on the plant as a whole, the death of the plant following if a 
sufficient amount of the cambium were killed. When the dead cambium 
| girdled the plant or branch, all parts above necessarily died. 


SUMMARY AND CONCLUSIONS 


' 1. Conduction of potassium cyanide in plants. The potassium cyanide 
is conducted in the vessels and diffuses from them into the surrounding 
tissues. The diffusion is greatest when conduction is slowest. 

2. Extent of injury. The injury to the plants is local, corresponding to 
| the distribution of the potassium cyanide, except where the local injury 
} has a secondary injurious effect on other parts of the plant. Actively 
{| growing tissues are most readily killed. The injury to woody plants is 
dependent on the amount of cambium reached by the cyanide and the 
: extent to which other parts of the plant are dependent on the injured 
cambium. 

The wide differences in results of treatment of plants with potassium 
cyanide as have been reported were undoubtedly due to slightly different 
manners of treatment in the different cases. From Loew’s results it is 

| to be expected that less injury would result to trees treated in the dor- 
mant state than in active growth. The rapid disappearance of potassium 
| cyanide from the tissues might explain some of the failures to locate its 
path of conduction. 

ARKANSAS [}XPRRIMENT STATION 

FAYETTEVILLE, ARKANSAS 
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REVIEWS 


Plant Materials of Decorative Gardening. The Woody Plants. By William 
Trelease, Professor of Botany in the University of Illinois. Published 
by the author, Urbana, Illinois, 1917: $1.00. 


This pocket manual will be of great value to collectors of pathological 
material, the more so since it includes the cultivated and introduced 
species commonly met with. 

W. A. Orton 


PHYTOPATHOLOGICAL NOTES 


The perennation of Cronartium ribicola Fisch. on currant. During the 
summer of 1915 a block of black currants (Ribes nigrum) in a nursery 
were severely affected with Cronartium ribicola Fisch. and considerable 
defoliation occurred. In 1916 the rust appeared again and the same bushes. 
were completely defoliated in August. The bushes were condemned as 
unsalable stock in the autumn of 1916. The month of July and the first 
half of August were without rain, but fall rains began on August 17. Late 
growth occurred on such nursery stock as plums, peaches, ete., but the 
currants were not seen after defoliation in August. Two hundred of the 
bushes were dug in October and placed in a nursery storage cellar, where 
they remained throughout the winter under the usual storage conditions 
for nursery stock. In the spring of 1917 the bushes were shipped to 
Ithaca, New York, and planted in an open field. (The nearest known in- 
fection of Cronartium ribicola is about forty miles from Ithaca.) All of 
the bushes grew and the new foliage was frequently examined throughout 
the summer for lesions of the rust fungus, but no signs of the disease 
had appeared when the bushes were examined for the last time, October 
9, 1917. 

Some question has been raised concerning the results of experiments 
reported by F. C. Stewart and W. H. Rankin,'! who obtained rusted cur- 
rant bushes in the autumn of 1912 and planted them in the greenhouse. 
During the winter the bushes developed new foliage, but no infections of 
Cronartium ribicola appeared. It has been suggested that possibly the 
artificial conditions which obtained in the greenhouse experiments of 


1 Stewart, F. C., and Rankin, W. H. Does Cronartium ribicola over-winter on 
the currant? New York (Geneva) Agr. Exp. Sta. Bul. 374: 41-53. 1914. 
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Stewart and Rankin were not conducive to the germination of the rust 
spores or to the development of the fungus in the host tissue. On the 
other hand, the above-mentioned two hundred black currants planted by 
the writer in 1917 were subjected to the usual nursery methods, the cur- 
rants being dug in the autumn and placed in storage until spring. If the 
fungus hibernates in infected bushes or on old diseased leaves which may 
cling to the bushes under these conditions, at least a certain portion of the 
two hundred plants should have shown the disease after the new foliage 
developed. Weather conditions were exceptionally favorable for the 
fungus throughout the summer. 
V. B. SrEwarr 


The occurrence of Colletotrichum cereale, Dothichiza populea, and Lep- 
tospheria napi in Canada. The wheat anthracnose described by Selby 
and Manns, caused by Colletotrichum cereale Manns, has been found in 
Charlottetown, Prince Edward Island, where it apparently is similarly 
injurious and otherwise identical in character and nature. 

Dothichiga populea Sace. & Briard has caused the death of and injury 
to several Lombardy poplars at St. Andrews, N. B. These two diseases 
have so far not been recorded from the Dominion of Canada. 

A third disease is of interest at this time where the raising of diverse 
seed supplies is considered very important. The fungus is Leptospheria 
napi (Fuckel.) Sace., which often carries great destruction to turnip and 
rape seed cultures in Germany. The disease was observed on seed pods 
of turnips at Charlottetown, P. E. I., and appears to be similarly destructive 
in Canada to the production of turnip seed as in Europe. It should not 
prove difficult to prevent serious injury to a crop by spraying in time and 
at regular intervals. 

. H.T. Gissow 


Cronartium cerebrum on Pinus resinosa. It is common observation 
that the Norway pine (Pinus resinosa) is very free from the attack of for- 
est tree rusts. This is all the more interesting in view of the fact that 
most all the hard or yellow pines are either known hosts or possible hosts 
for a number of rusts. The literature to date records but three species 
of rusts on Pinus resinosa, two foliicolous and one caulicolous forms.! 

On June 8, 1912, in a part of the Minnesota National Forest near Cass 
Lake, a young Norway pine was found bearing four galls which on subse- 


1 Pierce, R. G. Pinus resinosa, A new host for Peridermium acicolum. Phyto- 
path. 6: 302. 1916. 

Spaulding, P. Notes on Cronartium comptonia. III. Phytopath. 7: 49. 1917. 

Spaulding, P. Needle Rust of Pinus resinosa. Phytopath. 7: 225. 1917. 
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quent examination proved to be caused by Cronartium cerebrum (Pk.) 
D. & L. The infection was recent, the galls being borne near the ends of 
four different branches. The galls were small and had greatly retarded 
the growth of the branches. The tree stood in a dense stand of jack pine 
(Pinus banksiana) which was heavily infected with the same rust. A dili- 
gent search at the time resulted in finding no other infection on P. resi- 
nosa in the same region. During subsequent years the search for this 
fungus on Pinus resinosa in various parts of the Lake States has been 
without result. In this connection it is interesting to quote from a letter 
of July 14, 1917, from H. C. HiJton, Supervisor of the Michigan Na- 
tional Forest, as follows: “I have never found a gall Peridermium on 
Norway pine although it is found associated with infected jack pine all 
over the lower peninsula.” This indicates, so far as field observations 
go at present, that the Norway pine is a fairly safe tree to plant in all 
regions where it may find suitable growing conditions. 
James R. Werr anp Ernest E. 


A thumb clip for use with magnifiers. Necessity in most cases—conven- 
ience in others—is the mother of invention. The illustrations present 
this useful accessory in a very concise manner. The idea suggested itself 


Fig. 1. A ror Use with MAGNIFIERS 


to me some time ago when engaged in removing individual fruiting bodies 
of fungi causing leaf spots. The lens was at first fixed in position by 
means of a rubber band, which had the disadvantage of slipping off just 
at the critical moment. Later on a small, circular metal strip was cut 
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and bent to fit the thumb and securely clip the lens—an ordinary 20 di- 
ameter Coddington. Other similar makes have been tried with equal 
success. The clip requires a certain amount of spring to it, which has 
been secured by the turned up brim of the clip. 

The advantages are obvious. The right hand is free to operate scalpel, 
forceps, or needle, the fingers of the left hand to hold the object, and the 
thumb carries the lens which is very easily held at the right focal distance. 


Fig. 2. THumMB In USE 


Keven a very minute object may thus be removed with ease and certainty. 
In use nearly every day it revealed additional advantages. No doubt 
entomologists as well as plant pathologists will find this little accessory 
as useful as has its “inventor.” 

H. T. Giissow 


Tylenchus tritici on wheat in Virginia. Specimens of the disease were 
received from a correspondent at Dovesville, Rockingham County, Vir- 
ginia, on August 22, 1917. An examination of the shriveled, blackened 
grains (fig. 1) found in the discolored heads disclosed the presence of the 
larvae of a nematode in great abundance. The correspondent stated that 
he had sown the same seed wheat for about ten vears. At first only an 
occasional head was affected, but within the last six years or so the in- 
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fection has become so general that he has searched for a remedy. Think- 
ing it a form of smut, he tried both the formaldehyde and hot water 
treatments, but with no noticeable measure of success. He estimates the 
loss this year at about 25 per cent on ten acres. Johnson! reported this 
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disease on wheat from California, Georgia, West Virginia, and New York 
in 1909. Byars? has recently called attention to its presence in wheat 
received from China, but states that he knows of no record of it from the 
United States before or since Johnson’s records. 

F. D. FRoMME 


Field conference of cereal pathologists. The Third Annual Field Con- 
ference’ of Cereal Pathologists of the American Phytopathological So- 
ciety was held at Madison, Wisconsin, on July 9,10, and11. About forty 
were in attendance at the various meetings. . 

The three days were occupied in field trips into the grain growing sec- 
tions about Madison and in round-table discussions on the various phases 
of cereal pathology. Among the subjects discussed were: 

1. Grass rusts and their réle in cereal conservation, led by Dr. J. C. 
Arthur and Dr. E. C. Stakman. 

2. The relation of the barberry to rust epidemics, by Dr. E. C. Stakman 
and Mr. Frank Piemeizel. 

3. State and Federal legislation against the barberry, by Prof. H. L. 
Bolley. 

4. State and Federal cooperation in fighting cereal diseases during our 
food emergency, by Dr. H. B. Humphrey and Dr. 8. G. Kern. 

5. Recent investigations on yellow stripe rust, by Dr. Charles W. 
Hungerford. 


' Science, n. s. 30: 576. 1909. 

2? Phytopathology 7: 56. 1917. 

3 A more complete account of this meeting has been published in Science, n. s. 
46: 316-318. 1917. 
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At the various meetings resolutions were passed, as follows: 
I. To the Honorable The Secretary of Agriculture. 

We, the plant pathologists representing the chief grain-growing states in confer- 
ence assembled, in recognition of the following facts: 

1. The national and international need of the maximum production of all food 
grains for the immediate future, 

2. The preventable losses resulting from smuts and other seed-borne diseases, 

3. Practical and simple methods of seed treatment known to prevent such losses, 

4. The Office of Cereal Investigations has already instigated a movement looking 
to the more universal treatment of seed for the prevention of these losses, 

Resolve: (1) That it is our conviction that this work should be pushed with all 
possible diligence; (2) That we as representatives of these grain-growing states 
pledge to this work our hearty cooperation and support. 

II. In view of the vital importance of the wheat crop and as a national emergency 
measure likely to prove an effective aid in increasing and insuring a better wheat 
crop in 1918, be it resolved: That we, the cereal pathologists of the American Phyto- 
pathological Society, in summer session assembled at Madison, Wisconsin, respect- 
fully ask the President of the United States to appoint a commission to consider the 
relation of the barberry to outbreaks of black stem rust of wheat, barley, other ce- 
reals, and grasses, with a view of deciding upon the desirability of eradication of 
all cereal rust-bearing strains of the barberry in the United States in order that this 
source of rust epidemic may be removed. 

Be it further resolved that the Secretary be instructed to send a copy of this reso- 
lution to the President of the United States. 

III. Moved and carried: That the chairman of this body appoint a committee to 
take up with federal authorities the matter of securing some definite action to insure 
an adequate supply of fungicides and insecticides, particularly those containing 
copper, for the protection of important crops against the destruction of fungous 
diseases and insect pests and to insure a reasonable price for the same such as shall 
not be prohibitory to their use by the farmers and fruit growers of the United States. 


Personals. Dr. R. A. Jehle, who was formerly in the service of the 
Florida Plant Board, and Dr. Geo. K. K. Link, of the University of Ne- 
braska, have accepted appointments as pathologists in the Bureau of 
Plant Industry, in connection with extension work on the control of truck 
crop diseases. 

Mr. Wm. N. Ankeney, formerly an assistant in the Department of Bot- 
any of Ohio University, who has been employed during the past summer 
as field assistant in cucumber disease investigations, Bureau of Plant 
Industry, will continue this work under a recent permanent appoint- 
ment as scientific assistant. 

Mr. J. C. Walker of the Department of Plant Pathology, University 
of Wisconsin has been appointed scientific assistant in the Bureau of 
Plant Industry, to take up work on the diseases of onions and other truck , 
crops. 

Mr. William W. Diehl, recently instructor in botany at Clemson Col- 
lege, South Carolina, and formerly a graduate student in botany at Iowa 
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State College, has been appointed scientific assistant in the Office of 
Pathological Collections and Taxonomy of Fungi, Bureau of Plant 
Industry. 

Mr. Max W. Gardner of the University of Wisconsin, who has been em- 
ployed during the past three summers as field assistant in cucumber dis- 
ease investigations, Bureau of Plant Industry, has accepted a position as 
instructor in plant pathology in the University of Michigan. Mr. I. C. 
Hoffman of Purdue University, who has been engaged in the same line of 
work, has become assistant in the Department of Horticulture of the 
Colorado Experiment Station. 

Mr. D. C. Neal of the Alabama branch Experiment Station at Loxley 
has accepted an appointment in the Bureau of Plant Industry to con- 
tinue his investigations of citrus canker. 

Mr. Herbert F. Bergman, formerly assistant professor of botany in the 
University of Minnesota, has been appointed scientific assistant in the 
Office of Fruit Disease Investigations, Bureau of Plant Industry. 


LITERATURE ON PLANT DISEASES' 


CompILep BY Eunice R. Operty, LipRARIAN, BUREAU OF PLANT INDUSTRY, AND 
FLORENCE P. Smitu, ASSISTANT 


August to September, 1917 


Allard, Harry Ardell. Further studies of the mosaic disease of tobacco. Jour. Agr. 
Research 10: 615-632, pl. 63. S. 17, 1917. 
Nicotiana tabacum. 
Arthur, Joseph Charles. Cultures of Uredineae in 1916 and 1917. Mycologia 9: 
294-312. S. 1917. 
Ashby, S. F. Annual report of the microbiologist, 1916-17. Ann. Rpt. Dept. Agr. 
[Jamaica] [1916]/17: 26-28. 1917. 
Diseases of bananas, coconuts, cane, cocoa, coffee, and miscellaneous plants. 
Boncquet, Pierre Auguste. Bacillus morulans n. sp. A bacterial organism found 
associated with curly top of the sugar beet. Phytopathology 7: 269-289, 7 fig. 
Ag. 1917. 
Bibliographical footnotes. 
Brenckle, J. F. North Dakota fungi, I. Mycologia 9: 276-293. S. 1917. 
[Brooks, Archibald J.] Work connected with insect and fungus pests and their con- 
trol. Rpt. Agr. Dept. St. Lucia 1916/17: 5-6. 1917. 
Burt, Edward Angus. Odontia sacchari and O. saccharicola, new species on sugar 
eane. Ann. Missouri Bot. Gard, 4: 233-269, 19 fig. S. 1917. 


1 This list includes references, both American and foreign, to the literature of plant pathology and my- 
cology of interest to pathologists. Foreign references published since January 1, 1917, have been in- 
cluded beginning with the list appearing in v. 7, no. 3, June, 1917. 

All authors are urged to coSperate in making the list complete by sending their separates and by mak- 
ing corrections and alditions, and especially by calling attention to meritorious articles published outside 
of regular journals. Reprints or corresponden“e should be aldressed to Miss. E. R. Oberly, Librarian, 
Bureau of Plant Industry, U. S. Dept. Agric., Washington, D. C. 
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Butler, Ormond Rourke. The cuprammonium washes, their preparation, biological 


properties, and application. Phytopathology 7: 235-268, pl. 3-10. Ag. 1917. 
Bibliography, p. 267. 

Coit, John Eliot, and Hodgson, Robert W. The cause of June drop of navel oranges. 

Univ. California Jour. Agr. 4: 8-10, 27-29. S. 1916. 
Alternaria sp. 

Cook, Melville Thurston. Common diseases of apples, pears, and quinces. New 
Jersey Agr. Expt. Sta. Cire. 80, 27 p., 23 fig. 1917. 

Revision of Cire. 44, 1915. 

Common diseases of beans and peas. 

84, 8 p., illus. 1917. 

A portion of this circular is a revision of Cire. 50, 1915. 

Common diseases of the peach, plum, and cherry. 

Sta. Circ. 81, 19 p., 11 fig. 1917. 

Revision of Cire. 45, 1915. 

——— A Nectria parasitic on Norway maple. 
1917. 

Coons, George Herbert, and Levin, Ezra. ‘The leaf-spot disease of tomato. Michi- 
gan Agr. Expt. Sta, Spec. Bul. 81, 15 p., 7 fig. 1917. 

Septoria lycopersici. 

Dastur, Jehangir Fardunji. Conditions influencing the distribution of potato blight 
in India. Agr. Jour. India Spec. Indian Sci. Cong. No., p. 90-96. 1917. 

Davis, Kary Cadmus. Productive plant husbandry; a text-book for high schools, 
including plant propagation, plant breeding, soils, field crops, gardening, fruit 
growing, forestry, insects, plant diseases, and farm management. xvi, 462 p., 
312 fig. Philadelphia and London, 1917. 

Plant diseases and control, p. 390-433. 

Doidge, Ethel M. A bacterial blight of pear blossoms occurring in South Africa. 

Ann. App. Biol. 4: 50-74, 7 fig. S. 1917. 
Literature cited, p. 74. 

Dominica. Department of Agriculture. Work connected with insect and fungus 
pests and their control. Rpt. Agr. Dept. Dominica 1916/17: 33-34. 1917. 

Farmer, John Bretland. I['rost and evergreens. Gard. Chron. III, 62: 72, illus. 
Ag. 18, 1917. | 

Effect of stripping injured leaves from evergreens damaged by frost. 

Faulwetter, Roy Christopher. Wind-blown rain, a factor in disease dissemination. 
Jour. Agr. Research 10: 639-648. 8S. 17, 1917. 

Fraser, W. P. Overwintering of the apple scab fungus. 
S..21, 1917. 

Venturra inequalis. 

Garner, Wightman Wells, Wolf, Frederick Adolf, and Moss, E. E. The control of 
tobacco wilt in the flue-cured distriet. U.S. Dept. Agr. Bul. 562, 20 p., 5 fig. 
1917. 

Bacterium solanacearum. 

Hahn, Glenn G., Hartley,.Carl, and Pierce, Roy Gifford. A nursery blight of cedars. 

Jour. Agr. Research 10: 533-540, pl. 60-61. S. 3, 1917. 
Phoma sp. 


Harshberger, John William. 


New Jersey Agr. Expt. Sta. Cire. 


New Jersey Agr. Expt. 


Phytopathology 7: 313-314. Ag. 


Science n. s. 46: 280-282. 


A textbook of mycology and plant pathology.  xiil., 


779 p., illus. Philadelphia, 1917. 
Hedgcock, George Grant and Hunt, N. Rex. 
Phytopathology 7: 315-316. Ag. 1917. 


Notes on Razoumofskya campylopoda. 
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Hesler, Lexemuel Ray, and Whetzel, Herbert Hice. Manual of fruit diseases. xx, 
462 p., 126 fig. New York, 1917. 

Literature references follow discussion of each disease. 

Jones, Lewis Ralph. Soil temperatures as a factor in phytopathology. Plant World 
20: 229-237, illus. Ag. 1917. 

Literature cited, p. 236-237. 

Lind, Jens, Rostrup, Sofie, and Ravn, F. Kipgin. Oversigt over landbrugsplanternes 
sygdomme i 1916. Beret. Statens Fors¢gsvirk. Plantenkult. [Copenhagen] 
114: 229-254. 1917. 

Reprinted from Tidsskr. Landbr. Planteavl, v. 24. 

McDougal, Daniel Trembly. The beginnings and physical basis of parasitism. 
Plant World 20: 238-244, illus. Ag. 1917. 

Martin, William H. Sclerotium bataticola, the cause of a fruit-rot of peppers. 
Phytopathology 7: 308-312, illus. Ag. 1917. 

Morrill, A. W. Three plant diseases in 1916. Arizona Com. Agr. and Hort. 8th 
Ann. Rpt. [1915]/16: 51-57, fig. 16-17, pl. 2-4. 1916. 

Citrus gummosis, citrus scaly bark, pear blight. 

Morse, Warner Jackson. Potato growing and potato diseases from Maine to Cali- 
fornia. Maine Agr. Expt. Sta. [Pub.] 531, 20 p. 1916. 

Overholts, Lee Oras. An undescribed timber decay of pitch pine. Mycologia 9:_ 
261-270, pl. 12-13. S. 1917. 

Polyporus amorphus. 

Pammel, Louis Hermann. Recent literature on fungous diseases. Rpt. Iowa State 
Hort. Soc. 51: 248-288. 1917. 

Piemeisel, Frank Joseph. Factors affecting the parasitism of Ustilago zee. Phy- 
topathology 7: 294-307. Ag. 1917. 

Literature cited, p. 307. 

Posey, G. B., Gravatt, George Flippo, and Colley, Reginald Hunter. Uredinia of 
Cronartium ribicola on Ribes stems. Science n. s. 46: 314-315. 8. 28, 1917. 
Rands,R.D. The production of spores by Alternaria Solani in pure culture. Phy- 

topathology 7: 316-317, 1 fig. Ag. 1917. 

Roberts, John William. Control of peach bacterial spot in southern orchards. U. 

S. Dept. Agr. Bul. 543, 7 p., 1 pl. 1917. 
Bacterium pruni. 

Rolfs, Peter Henry. Roselle mildew. Florida Agr. Expt. Sta. Press Bul. 255, 2 p, 
1916. 

Microsphaera euphorbiae. 

Rutgers, Abraham Arnold Lodewijk. Bestrijding van streepkanker (Black thread 
disease). Cire. Proefstat. Malang [Middle Java] 1917, no. 5, 2 p. 1917. 

———— Hevea-kanker . . . III. Meded. Lab. Plantenz. [Batavia] 28, 49 p., 
2 fig., 15 pl. 1917. 

With an English summary. 

——--— Onderzoekingen over het ontijdig afsterven van peperranken in Nederlandsch- 
Indié. III. .De pepercultuur in de Lampongsche districten. Meded. Lab. 
Plantenz. [Batavia] 27, 65 p., 19 pl. 1916. 

With an English summary. 

Seaver, Fred Jay. Damage from soil fungi. Jour. New York Bot. Gard. 18: 186- 
188, pl. 203-204. Ag. 1917. 

Shear, Cornelius Lott. Spoilage of cranberries after picking. Proce. 48th Ann. 
Conv. Amer. Cranberry Grow. Assoc. 1917: 6-9. 1917. 

Due to freezing, fungous rots or premature death of the fruit caused by rapid 
ripening or suffocation. 
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Sherbakoff, Constantine Demetry. Some important diseases of truck crops in 
Florida. Florida Agr. Expt. Sta. Bul. 139: 191-277, fig. 76-112. 1917. 

Smith, Erwin Frink. [mbryomas in plants. (Produced by bacterial inoculations. ) 
Bul. Johns Hopkins Hosp. 28: 277-294, pl. 26-53. S. 1917. 

Smith, Ralph Eliot. A new apparatus for aseptic ultrafiltration. Phytopathology 
7: 290-293, 2 fig. Ag. 1917. 

Spaulding, Perley, and Gravatt, George Flippo. Inoculations on Ribes with Cronar- 
tium ribicola Fischer. Science n. s. 46: 243-244. S. 7, 1917. 

and Pierce, Roy Gifford. State and national quarantines against the white 
pine blister rust. Phytopathology 7: 319-321. Ag. 1917. 

Stakman, Elvin Charles, ind Piemeisel, Frank Joseph. Biologic forms of Puccinia 
graminis on cereals and grasses. Jour. Agr. Research 10: 429-496, pl. 53-59. 
Ag. 27, 1917. 

Literature cited, p. 493-495. 

Stevens, Frank Lincoln. ‘The genus Meliola in Porto Rico, including descriptions 
of sixty-two new species and varieties and a synopsis of all known Porto Rican 
forms. Illinois Biol. Monogr. 2, no. 4, 86 p., 5 pl. Ap. 1916. 

Stevenson, John A. Lightning injury to sugar cane. Phytopathology 7: 317-318, 
1 fig. Ag. 1917. 

Wood rot of citrus trees. Porto Rico Dept. Agr. and Labor, Insular Expt. 
Sta. Rio Piedras Cire. 10,10 p. 1917. 
Wood rot is here used as a general term to cover a rot or decay of the wood of 
the trunk and larger branches caused by a number of different fungi. 

Stewart, Fred Carlton, and Mix, Arthur Jackson. Blackheart and the aeration of 
potatoes in storage. New York State Agr. Expt. Sta. Bul. 436: 319-362, 10 pl. 
1917. 

Tabor, R. J., and Barratt, Kate. On a disease of the beech caused by Bulgaria poly- 
morpha Wett. Ann. App. Biol. 4: 20-27, pl. 1. 8S. 1917. 

Bibliography, p. 27. 

Turesson, Géte. The toxicity of moulds to the honey-bee and the cause of bee 

paralysis. Svensk. Bot. Tidskr. 11: 16-38. 1917. 
Literature cited, p. 36-38. 

U. S. Department of Agriculture. Federal Horticultural Board. Service and regu- 
latory announcements. June: 57-77, Ag. 2; July: 79-102, Ag. 26. 1917. 

Van Hook, James Mon. Indiana fungi, III. Proe. Indiana Acad. Sci. 1915: 141- 
148. 1916. 

Welsford, Evelyn Janie. Investigation of bulb rot of Narcissus. Pt. 1. The na- 
ture of the disease. Ann. App. Biol. 4: 36-46, 5 fig. S. 1917. 

List of papers quoted, p. 46. 


for October, 1917 (7: 327-398, Pl. XI) was issued 
October 3, 1917.| 
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| A POTENTIOMETER FOR THE DE- 
| TERMINATION OF HYDROGEN ION 
CONCENTRATION IN SOLUTIONS: 


“THE POTENTIOMETER illustrated above is now being used by a number of 
investigators for measuring the E. M. F. between the Hydrogen and Calomel 
electrodes in Hydrogen Ion Concentraticn determinaticns. It is rapidly replacing 
the electrometer for such work for the following reasons: first, it is much more sensi- 
tive than the electrometer; second, its use does not entail the annoying delays 
‘met with in the use of the electrometer when overcharged and thus polarized. 
The Leeds and Northrup Potentiometer has two ranges. Normally measure- 
ments may be made up to 1.6 volts by steps of .00001 volt. A range changing 
plug enables measurements to be made up to .16 volt by steps of .000001 volt. 
The precision of adjustment is such that cn the high range measurements from 
.| volt up may be made to a precision cf better than 1/50%. On the low range 
measurements from .0] volt up may be made to the same degree of precision. 
The instrument and its accessories require little er no attention. Its manipu- 
lation is simple. 
A full description cf this potentiometer will be sent upon request, as well as a 
list of some of those who are now using it for Hydrogen Ion Concentration 
determinations. 


THE LEEDS & NORTHRUP CO. 
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HEARSON INCUBATORS 


WITH HEARSON PATENT CAPSULE TEMPERATURE CONTROL 
FOR GAS, OIL AND ELECTRIC HEATING 


| 


KS 


° No. 20740. Hearson Gas Heating Incubator 


We have supplied nearly three hundred Hearson Incubators to important 
U.S., State, City and Hospital bacteriological laboratories throughout the U. 8. 
Their performance has been universally satisfactory and in view of this experience 
we are willing to recommend the Hearson patent capsule temperature control as 


being the most accurate and simple device for the uniform control of incubator 
temperature now on the market. 


We supply them in nine sizes for gas heating, six sizes for oil heating, six sizes 
for electric heating, and eight sizes for low temperatures, and keep a stock on hand 
of the more popular sizes for immediate delivery. 


Complete descriptive pamphlet sent upon request 


ARTHUR H. THOMAS COMPANY 


IMPORTERS—DEALERS—EXPORTERS 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE PHILADELPHIA, U. S. A. 
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Culture Media 


FOLDED FILTERS New York Biological Products 


Laboratory, Inc. 
337 East 57th Street, New York 
ARCHIBALD McNEIL, M.D., Director 


GRUEBLER STAINS 
MERCK’S—J. T. BAKER’S 
B. & A. Standard Chemicals, 
American Glassware’ and 


Porcelain Ware. 


ANY and ALL LABORA- INTERNATIONAL 
TORY REQUIREMENTS CENTRIFUGES 


CARRIED IN ABUN- 
DANCE. WE ean give your 
orders immediate and intelli- 
gent attention. 


LABORATORY SUPPLIES 
AND CHEMICALS 


EQUIPMENT COMPANY 


54 West Kinzie Street ; 352 Western Ave. (Brighton) 
BOSTON, MASS. 


CHICAGO ILLINOIS 
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A TEXTBOOK OF MYCOLOGY 
AND PLANT PATHOLOGY 


By JOHN WILLIAM HARSHBERGER, Ph.D. 


Professor of Botany, University of Pennsylvania 


271 Illustrations, 12mo; xiii+779 Pages. Cloth $3.00 Postpaid 


The knowledge of the science is fully digested and the essential features of all 
the important theories and investigations are stated succinctly. Here and there 
the author reaches over into borderland subjects and picks out matter in related 
fields which is interesting, enlightening and valuable pedagogically. It includes 
complete and accurate citations from the world’s literature and many interesting 
facts from the author’s intimate knowledge of the historical developments of 
the science in America. He gives first hand many facts that are but little known. 


STEVENS’ 


Fundamentals of Botany 
Plant Anatomy By C. STUART GAGER 


Director, Brooklyn Botanic Garden 


12mo, xix+-640 pages. 435 Illustrations. 
By Wm. C. Stevens, M.S. Cloth, $1.50 postpaid. 


Professor of Botany in the University of Kansas A LABORATORY GUIDE FOR 


standpoint of the Development and Func- 

— of the bg we Handbook of Micro- By C. STUART GAGER 

technic. 155 Illustrations. 8vo; xvii+399 

pp. Cloth, $2.50 Postpaid. Adapted for use with any textbook. 12mo, 


viii+191 pages. Cloth, $0.90 postpaid. 


ROBBINS--The Botany of Crop Plants 


A Text and Reference Book by Wilfred W. Robbins, Professor of 
Botany, Colorado Agricultural College 


Illustrated. Ready 


In the preparation of the book the needs of non-agricultural as well as agri- 
cultural schools have been kept in mind because there is a growing tendency 
wherever botany is taught to tie it up more closely with economic interests and 
to draw more and more upon economic plants in citing examples and in choosing 
objects of study in the laboratory. 


PALLADIN-LIVINGSTON 
Textbook of Plant Physiology 


By W. Palladin, Botanic Institute, Petrograd. American Edition, Edited by 
B. E. Livingston, Ph.D., Professor of Plant Physiology and Director of 
Laboratory of Plant Physiology, Johns Hopkins University. 


Illustrated. Nearly Ready 


P. Blakiston’s Son & Co., Publishers 


1012 Walnut Street PHILADELPHIA 
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Utensil: “Vitreosil;”  Hanovie 


Transparent Quartz Alendum 
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By 
WILLIAM WARNER BISHOP, AM. 


Librarian niversity of Mithigan, 
vormerly Superintendent of the Reading Haem, Library of Congress 


A manual of the practice of cataloging, based on the use cf printed cards from. 


Library of Cosigress, but ineluding full: treatment of the making of a card 


Se on modern principles independen:!y of the printed carda. 


Price 00 postage free in ihe United States; foreign countriea, postage. 
6 cents additionat” 


«Address orders to the | 
WILLIAMS: & WILKINS COMPANY, Publishers, BALTIMORE 


2419-21 Greenmonunt Avenue 


< 
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Time Lay Aside 


and work together for the best interest of the ay 
; 7 fruit grower 


The following quotation from a letter just received is typical of the - 
attitude of the U.S. Dept. of Agriculture and many of our Experiment | 
Stations for the past tem years 

Experiment Station cannot undertake to expert>— 
meni with er-recommend proprietary articles which are- 
sold to the public under trade names.” 


Are they right or wrong 


For twelve years we have disclaimed any proprietary rights in “SCALE- 
CIDE.” We have published the formula on millions of circalars and — 
labels. We have even told how it is made, Any good. oil chemist cat Gur). 
plicate it, but we have defied them to doit as cheaply as we do. But the = 
trade-mark name “SCALECIDE” is ours, and isa double gaarantee to * 
‘the public of its quality and uniformity and standardization, protect- 
ing them againt such imitations as those that flooded the market some © 
twelve years ago, and many growers, as well. as Experiment Station 
ers, today judge “SCALECIDE” by thoseimitations. 


Mr. Thos. F. Rigg, Hort. Editor, American Poultry Journal, writes: 


“f made more headway in two years with ‘SCALECIDE? ees 
than I did in many years with Lime-Sulfer.” 


The Editor of the Rural New-Yorker used almost the identical words | a 7 


in an editorial in that paper. _ 


“éSCALECIDE” is proving year by year to thousands of fruit growers 


that it will do more (insecticidal and fungicidal) than any dormant spray... 
yet devised, and costs\no more, if as much, but the attitude above dé- 


scribed is keeping thousands of others from reaping the benefits conferréd. | J 


py “SCALECIDE” with less expenditure of time and money. | 


no secrete. in “SCALECIDE” 


© Don't yout think it about time that the Experiment Stations did inves- | 
tigate of their own initiative the merits and claims of “SCALECIDE?? | 


50 Church Street = NEW: YORK, N. Yo 
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